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I. EXECUTIVE SUMMARY

Under this contract from the U.S. Army Medical Bioengineering
Research and Development Laboratory, SRI International conducted studies
in mammalian species to determine the toxicity of 2,4,6-trinitrotoluene
(TNT) and of a wastewater from TNT production. The wastewater was a
representative mixture of TNT and 1,3,5-trinitrohexahydro-l,3,5-
triazine (RDX), commonly referred tc as LAP (load, assemble, and pack)
wastewater. Specifically, the research was to determine the acute
toxicity of TNT and both photolyzed and nonphbtolyzed samples of LAP,
conduct 90-day subacute oral toxicity (repeated administration) studies
of TNT and LAP, assess the mutagenicity and cytogenicity of the
i'aterials, and nerform enzyme induction studies on them.

The principal objective of the initial (acute) toxicity studies
was to define the properties and the potency of the LAP mixture as a
toxin. Ii these experiments, we determined the acute oral LD50 of TNT,
RDX, and LAP in rats and mice and of LAP(I) in mice, the eye and skin
irritation of LAP and LAP(I) in rabbits, th6 skin sensitization of
LAP and LAP(I) in guinea pigs, and in vitro microbial mutagenicity of
TNT, LAP, and LAP(I) in the Ames test. LAP was moderately toxic to

-- rats and mice; in rats, the acute toxicity of LAP was between that of
TNT and RDX, whereas in the mouse, LAP was less toxic than either
component. Photolysis of LAP, to produce LAP(I), decreased its toxicity
in mice. The relative acute toxicity of the test materials was, in
descending order, in the rat: RDX > LAP > TNT; and in the mouse:
RDX > LAP(I) > TNT > LIA.

In rabbits, LAP and LAP(I) were eye irritants [LAP(I) irreversibly]
but were mildly or only slightly irritating to skin. They were classi-
fied as strong allergens by the criteria of Magnusson and Kligman in
the skin sensitization test in guinea pigs.

In vitro mutagenicity experiments in Salmonella bacteria were
conducted to determine whether microsomal preparations could activate
TNT in the assay. TNT had previously been reported to have no mutagenic
accivity in the absence of metabolic activation. In the present work,
however, the microsomal system did convert TNT to a mutagenic form,
although high levels of the TNT were required in tie assay. In light
of correlations between mutagenic activity in Salmonella assays and
carcinogenic activity in vivo, TNT should be considered to be a
potential carcinogen, as are many other aromatic nltro compounds. LAP
was also mutagenic, and photolysis increased its potency in the assay.

The subacute toxicity of TNT was evaluated in 90-day studies indogs, rats, and mice. Dogs were administered TNT at 0.20, 2.0, and

20 mg/kg/day by capsule; ratL received 0.002, 0.01, 0.05, and 0.25%
and mice were givEn 0.001, 0.005, 0.025, and 0.125% TNT in the diet.

v
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The most common observations among the three species were: depressed
body weight and/or body weight gain and reduced food consumption
(temporary with mice); mild to moderate anemia; alterations in organ
weights, including enlarged spleens and (usually) livers; hemosiderosis
of the spleen; and colored urine. In dogs and rats, increased choles-
terol (and possibly bilirubin) and decreased SGPT levels were observed.
The depression in SGPT without a corresponding affect: on SGOT is a
unique manifestation of toxicity that has not been reported in humans
who have experienced TNT intoxication. The anemia, however, is of the

hemolytic type, a salient feature of TNT toxicity, and is accompanied
by higher serum bilirubin in dogs (and possi.ly in rats) and by lower
serum Fe in dogs. The increase in cholesterol levels and decrease in
SGPT implicate the live- as a target organ for TNT toxicity. Neuro- ,..

logical signs were conf ..ed to inactivity and, on one occasion,
nystagmus in the dogs. A rough order of susceptibility to the TNT
treatment is: dog > rat > mouse.

The subacute toxicity of LAP was also studied for 90 days in dogs,
rats, and mice. Dogs were treated at 0.50, 5.0, and 50 mg/kg/day by
capsule; rats received 0.005, 0.05, and 0.50% and mice 0.005, 0.05,
0.25, and 0.50% LAP in the diet. Body weights, weight gain, and food
intake were suppressed in all three species. A type of anemia similar
to that observed with TNT was produced, the spleens were enlarged and
hemosiderotic, and the urine was colored (red). In dogs and rats,
testicular atrophy was observed, the livers were enlarged, and choles-
terol and/or triglycerides were elevated in blood sera. Effects on the
uterus were observed, the most cleat'-cut being hypoplasia of the uterus
seen in the rats. Dogs and rats exhibited numerous neurological and
other signs of toxicity, which were most severe in the dogs. These I
included convulsions, paresis of the hind legs, inactivity (followed
by hyperactivity), ataxia, head-bobbing and/or -swing~ng, and diarrhea.
At the highest dose levels for dogs, rats, and mice, mortality was
appreciable (up to 50% or more).

Most of these findings suggest that TNT dominates the toxicity of

the LAP mixture and that many of the differences are probably quanti-
tative in origin since animals receiving LAP at the high dose received
more TNT than those receiving the high dose of TNT alone. However,
some differences cannot be so simply explained, such as the absence of
an effect of LAP on cholesterol in dogs after 4 weeks (in contrast to

TNT), the absence of an effect of LAP on SGPT in rats, and alterations
in some organ weights and other clinical chemistry parameters that
were different in the two studies. A noteworthy difference was the
significant mortality in the LAP rat study; the TNT content of the LAP
mixture was only slightly higher (0.32%) than the level used in the
TNT study, but no TNT-dosed rats died. For these reasons, the toxicity
of the LAP mixture cannot be ascribed exclusively to the TNT component. 1.;
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No-effect levels for TNT and LAP in the dog wete 0.2 and 0.5 mg/kg/day,

( respectively. In the rat and mouse, these levels were 0.002 and 0.005%
TNT, respectively, and 0.005% LAP in each. However, the hemouideromis
in the spleens of rats at the 0.005% TNT level was more severe than in
controls.

An Acceptable Daily Intake of TNT calculated by EPA-suggested guide-
lines to produce no likely toxic effects in humans ranged from 0.20 to

t ~7.76 jag/kg of body weight, depending on the reference species, based on
the "no observable effect levels" in the subacute studies.' For LA~r,
that range is 0.50 to 8.28 jig/kg of body weight.

The calculated upper limit range for TNT effluent in water bodies
was determined to be 6.3 to 245 jig/liter (ppb) and for LAP (i.e., TNT
and RDX mixtures), 16.2 to 268 jig/liter (ppb).

To assess the toxicity of repeated exposures to LAP(I), a 28-day
study in rats was conducted. The test mixture was added to the diet at
0.0, 0.003, 0.03, and 0.3% by weight; an additional group of animals
fed 0.3% LAP in the diet served as a reference control. The LAP(I
produced fP7.: toxic signs, even at the highest dose. The responses
noted were: a temporary suppression in body weight gain, a very mild
anemia, and an increased frequency of lymphocytic foci detected in the
liver and/or kidneys of several rats that had been receiving the high
dose. In contrast, 0.3% LAP produced luw body weights and weight gain,
smaller kidneys and hearts, mild anemia, high serum cholesterol,
hemosiderosis of the spleen, and discolored urine. On the basie of these
comparisons, it was concluded that the irradiated mixture was less
toxic than the unirradiated mixture when incorporated into the diets
of rats. It therefore appears that phocolysis increases the acute
toxicity of LAP to animals and its mutagenic potential, but decreases
the subacute toxicity (repeated exposures).

V I. _

In vivo cytogenetic anflyses of TNT and LAP were conducted on bone
marrow extracts from rats. The results indicated that in this assay,
Tneither materiv:l caused m05tations, which is in cntrast to resultrs in
the in vitro microbial assay with TNT. Our hypothesis is that either
rats ingested insufficient quantities of the compound to induce genetic
damage, or the compounds were metabolically deactivated before reaching
the bone marrow. Consequently, the question as to whether TNT or LAP
would cause genetic damage to mamralian systems in vivo is still
unresolved.

Unscheduled DNA synthesis (2DS) assays were also conducted on TNT,
RDX, and LAP. s DS is a form of repair synthesis in cell cultures
exposed to the test agent that reflects primary DNA damage. The cell
line used in the assay is derived from human fibroblasts. TNT gave a
positive response in the assay when metabolic activation was not Tsed,

[ • lresutsd withr D alonemprr wepresnsaiveonde anboy ofteih expaerimentld

but LAP did so only in the presence of metabolic activation. The
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The capacity for TNT to induce (stimulate) TNT metabolism by the
hepatic microsomal enzymes was investigated to attempt to explain the
partial recovery of rats from some of the toxicologic manifestations.
Phenobarbital was used as a positive control. Unlike phenobarbital,
TNT exhibited a limited capacity to induce the microsomal enzymes.
Neither TNT nor phenobarbital appeared to increase the metabolic dis-
position of TNT. Thus, the partial recovery from chronic TNT effects
could not be explained on the basis of enzyme induction.

vi
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FOREWORD

The U.S. Army Medical Bioengineering Research and Development
Laboratory (USAMBRDL), Fort Detrick, Frederick, MD, has been conducting
a research program since 1973 foe the purpose of developing the
scientific data base necessary for recounending water quality criteria
for compounds unique to the munitions industry. A water quality
criterion (as defined by the amended Clean Water Act, 1977) is a
qualitative or quantitative estimate of the concentration of a pollutant
in ambient waters that, when not exceeded, will ensure a water quality
sufficient to protect a specified water use. The criterion is a

- scientific entity based solely on data and scientific judgment. It
does not reflect considerations of economic or tecnnological feasibility.
Currently, a water quality criterion consists of two separate numerical
'limits, one for the protection of human health and the other for the
protection of aquatic organisms. These numbers, when translated by
the appropriate regulatory agency, can be the basis of enforceable
discharge or effluent limitations in a point source discharge permit
"issued under the Clean Water Act.

Since a water quality criterion is to protect designated water
uses, a diverse, multidisciplined research program was developed by
USAMBRDL that includes "effects" studies on laboratory and domestic
animals, wildlife spe-ies, aquatic organisms, plants, and economically
impcitant crops. In addition, extensive chemical and biological fate
and persiste'ice tests are cenducced tu provide information on the
behalror of a pollujtant in the aqueous environment. These kinds ofdata are especially useful for making site-specific translation of

t. criteria lrto enforceable discharge limits.

T7his report represents a portion of the mammalian toxicology date
base being developed by USAMBRDL on materials related to the manufacture,
processing, handling, and disposal of trinitrotoluene.

ix

-NW



PREFACE

All anImal facilities used in conducting the research described
in this report have been accredited by the American Association for the
Accreditation of Laboratory Animal Care. Maintenance and research
practices in the use of laboratory animals were conducted according to
the principles and standards enumerated in the Guide for Laboratory
Animal Facilities and Care (1972) of the National Academy of Sciences/
National Research Council, and the revised 1978 Guide for the Care and
Use of Laboratory Animals, USHEW, PHS, DHEW Pub. No. (NIH) 78-23, and
the Animal Welfare Act of 1966 (Public Law 89-544), as amended by the
Animal Welfare Act of 1977 (Public Law 91-579). Our facilities are
inspected and licensed by USDA, APIS (License Numbers 93-B-19 and
93-26).
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INTRODUCTION

The U.S. Army Medical Bioengineering Research and Development
Laboratory (USAMBRDL) has been directed to evaluate the potential

j hazard to living systems of wastewater discharges from munitions
facilities. Of primary concern are the acute and subacute effects on
mammalian systems of the combination of 2,4,6-trinitrotoluene (TNT)
and 1,3,5-trinitrohexahydro-l,3,5-triazine (RDX), commonly referred toL as LAP (load, assemble, and pack) wastewater, and of condensate waste-
water, which comprises several different nitrotoluenes and related
compounds in varying ratios. The ultimate goal of the toxicological
part of the USAMBRDL program is to determine the responses of selected
mammals to long-term exposure to the principal compounds in these
wastewater discharges and to representative mixtures of the discharges.
Information from these studies will aid USAMBRDL in developing the
scientific data base necessary for assessing the hazards associated
with these materials.

Under contract with USAMBRDL, SRI Internatioral undertook extensive
chemical and toxicological studies, the objectLive of which were to
identify and quantitate the chemical components of LAP water and the
photolytic changes they may undergo and to evaluate the toxicity of
TNT and TNT-containing wastewater mixtures. Volume I describes the
chemical studies conducted on these components and mixtures. 1 In this

r second volume are reported the results of the acute (Phase I) and
4. subacu#e (Phase II) toxicological studies aimed at defining the toxicity

of TNT and LAP.

The Phase I studies were acute oial LD5O determinations of TNT,
RDX, and LAP in rats and mice and a sample of irradiated LAP [designated
LAP(I)] in mice only; eye and skin irritation tests of LAP and LAP(I)
in rabbits; skin sensitization tests of LAP and LAP(I) in guinea pigs;
and in vitro mutagenesis assays of TNT, LAP, and LAP(I) in Salmonella
bacterial strains (Ames test). The Phase II studies are 90-day subacute
oral toxicity experiments with TNT and LAP in dogs, rats, and mice; a
28-day comparative study of the subacute oral toxicity of LAP and
LAP(I) in rats; enzyme induction studies with TNT and LAP on rat
microsomal systems; in vivo cytogenetics experiments on TNT and LAP with
rat bone marrow; and unscheduled DNA synthesis (UDS) assays on TNT, RDX,
and LAP.

The LAP used in these studies is made of 1.6 parts of TNT to 1.0
part of RDX by weight. Volume I describes how this ratio for toxico-

• logical testing was established. The ratio represents the hypotheticalworst condition--no pollution abatement before wastewater discharge.

TNT was tested concurrently with LAP because of the lack of quantitative

.k1
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Introduction

data on the toxicity of TNT itself in mammalian species and because of [
the need to assess to the degree possible the contribution of TNT to

the overall toxicity of LAP. LAP(I) was tested because the LAP compo-
nents undergo photolytic decomposition in the environment, and a
necessary determination was whether this process increases or decreases
the toxicity of LAP discharges. In addition to photolysis products,
LAP(I) contains 10% unreacted RDX and 0.32% unreacted TNT by weight.

Thl report is divided into the following sections to facilitate
compzlation and reading: Part 1, the Phase I studies; Phase II studies
are described in Part 2 (subacute TNT studies), Part 3 (subacute LAX'
studies), Part 4 [28-day LAP(I) studies], and Part 5 (cytogenetics,
UDS, and enzyme induction studies).

rL
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PART I - ACUTE STUDIES ON TNT, LAP, AND LAP(I) (PHASE I)

INTRODUCTION

In Phase I we conducted experiments to determine the acute oral
LD5Qs for TNT, RDX, and LAP in rats and mice, and LAP(I) in mice only;
the skin and eye irritancy of LAP and LAP(I) in rabbits; the skin
sensitization to LAP and LAP(I) in guinea pigs; and the mutagenicity
of TNT, LAP, and I.AP(I) in Salmonella. Corresponding skin and eye
irritancy and skin sensitization tests of TNT were previously reported. 2

. POPROCEDURES

Animals and Housing

Male and female Sprague-Dawley-derived rats and Swiss-Webster mice
were obtained from Simonsen Laboratories, Gilroy, California. Albino
guinea pigs of the Hartley strain were purchased from Hilltop Laboratories,Los Angeles, California. The supplier of the New Zealand White rabbits
was LIT Rabbitry, Aptos, California.

All rodents were observed for a minimum of 1 week after their
arrival to ensure that only healthy aninals were used. They were kept
in air-condltioned rooms (75 ± 50 F) with a relative humidity of
50 ± 10% and photoperiod of 12 hours. The rats were marked with felt
pen stripes on their tails for individual identification and housedI five to a cage in plastic cages ,iith wire tops and Absorb-dri hardwood
bedding; mice were housed in smaller plastic cages with wire tops and
Absorb-dri bedding and identified by tail markings. The rodents were
fed ground Purina Laboratory Chow. They were given deionized tap water
ad libitum through an automatic water system using lixit valves.
Because these were short-term experiments, neither feed nor water were
analyzed for pesticide contaminants or chlorinated hydrocarbons.

Rabbits were housed in all-wire cages with wire bottoms and alfalfa
pellets in pans below and were identified by cage cards. They were fed
Purina Rabbit Chow and tap water ad libitum as described above. Their
eyes were inspected carefully for clarity before the rabbits were used.
Guinea pigs were housed one to a cage in clear plastic cages, identified
by cage cards and fed Purina Guinea Pig Chow and water ad libitum in
water bottles.

*3
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Materials

2,4,6-Trinitrotoluene was obtained from E. 1. duPont de Nemours
& Co., Wilmington, Delaware. RDX was obtained from Holston Army
Ammunition Plant, Kingsport, Tennessee. Each compound was found to be
>99% pure by elemental and chromatographic analysis.

The following procedure was used to prepare LAP(I) for the mammalian
toxicological evaluations.1 Solutions of TNT and RDX were prepared
individually in 55-gallon drums with polyethylene liners, and their
respective concentrations were monitored by high-pressure liquid chroma-
tography (hplc). Then the solutions were combined in the LAP ratio in
another 55-gallon drum. TNT concentrations averaged 32 ppm, and RDX
concentrations averaged 20 ppm in the combined solution. This solution
was pumped through the four-unit photolytic reactor system at 60 to 100
ml/min. The photolysate was collected in a 55-gallon drum and acidified1
to p1l 1.5; 3-liter portions were extracted with 1-liter portions of
diethyl ether. The ether extracts were combined and rotary-evaporated
for removal of the majority of the ether. The remaining extract was |
frozen in dry ice/acetone and lyophilized to a brown residue. Wnen
this reactor system is used with chemical photolysis end points of
0.1 ppm TNT ± 100% and 2.3 ppm RDX ± 100%, approximately 4 hours of I
irradiation time were found to be necessary to produce 1 g of material.
When the water is lyophilized off, this residue contained 10% RDX and
0.32% TNT by weight, which was then designated LAF(I). I

Test Methods

Determination of Acute Oral LD50s of TNT, RDX, LAP, and LAP(I)

The acute oral LD50s for each compound or mixture were determined
in immature rats and/or mice. Animals were fasted overnight (for at
least 16 hours) before they were dosed. Four or five dose levels were
used, comprising 10 males and 10 females per dose. I'SI

The test material was administered in corn oil via stainless-steel
oral-dosing needles. The compounds were weighed and then placed in
graduated cylinders, to which sufficient corn oil was added to make
the desired concentration. The mixture was stirred briefly and trans-
ferred to beakers. A magnetic stirring rod was placed in each beaker.
Each beaker was wrapped in aluminum foil and then wrapped in parafilm.
The material was stirred until dissolved or suspended uniformly in
the corn oil (at least 24 hours). Suspensions were checked for lumps
and then returned to the stirrer, where they remained throughout
dosing. Controls received corn oil alone.

The animals were weighed before dosing, and each animal was dosed
with a volume based on 1 ml/100 g of its body weight. After dosing,
the animals were returned to their cages and allowed food and water
freely.

I4

,Ji



Pakrt 1

The animals were observed for toxic signs and mortality 2 to 3L times a day for the first day, twice a day for 7 days, and then once
a day until 14 days head elapsed. The time of death was recorded, as
were toxic signs as soon as they were observed. (All observations

Iwere number-coded according to coded observation sheets.) Animals that
U. died were examined for any gross pathological changes. Body weights

were recorded on Days 7 and 14 for survivors.

The LD5Os and confidence intervals for each ccmpound or test
mixture were calculated by a computer program based on the max~imum
likelihood method of Finney3 (see Appendix A).

Determination of Eye Irritation of LAP and LAP (I) in Rabbits

Amodification of the Draize method~ a used for determining eye
irritation in rabbits. Nine albino rabbits were used, and their eyes

71 had no defects or signs of irritation prior to testing. LAP or LAP(I)
4 powder (0.10 ml) was applied to the lower lid of one eye of each animal;

the eyelids were gently held together for 2 seconds, and then the
animal was released. In three animals, the test substance was not
washed from the eyes; in three others, the eyes were washed after
30 seconds; the eyes of the remaining three were washed after 5 minutes.
The eyes were scored for irritation and other ocular lesions after 1,
24, 48, and 72 'hours, or until they were clear, and again after 4 and
7 days if necessary to assess reversibility, using the recommended
scoring scale (Appendix A).

I. Determination of Skin Irritation of LAP and IAP(I) in Rabbits

tesingon abbtsand assessed by the Draize method for identifying
primry kinirritants.5  Five or six healthy rabbits were used for

Twenty-four hours before exposure, a large area on each rabbit's
back was shaved. The shaved area was divided into quadrants, providing
four exposure sites per rabbit. Just before the test mixture was
applied, the upper left and lower right quadrants were lightly abraded
in a tic-tac-toe pattern with a wire abrader that barely penetrated
the stratum corneum; the upper right and lower left quadrants were
left intact. LAP or UAP(I) (0.5 g) was placed over a 2-sq-inch area
in each quadrant and immediately covered with gauze sponges (Johnson
and Johnson Co.). Rolled gauz~e was wrapped around the rabbit's trunk,
covering the gauze sponges, and rubberized cloth was then wrapped
around the gauze and secured in place with waterproof tape. The
patches were removed after 24 hours, and the reactions were examined
for edema and erythema immediately and 48 hours later--i.e., 24 and
72 hours after the application of the test material.

5
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The sites were scored according to the scale in Appendix A. A
primary irritation index was calculated based on the combined readings
from all test sites at 0 and 48 hours, divided by 4. Compounds producing

combined averages (primary irritation indices) of 2 or less are considered
as only mildly irritating, those with indices of from 2 to 5 are
moderate irritants, and those with scores above 6 are considered severe

irritants.

Determination of Skin Sensitization to LAP and LAP(1)
in Guinea Pigs

Guinea pigs that weighed 300 to 500 g were treated with LAP or LAP(I)
according to the method of Magnusson and Kligman. 6 Their method (the max-
imization test) entails induction in two stages: (1) intradermal injec-
tion of the test substance in Freund's Complete Adjuvant at two sites;
the Adjuvant alone at two other sites! and the test material dissolved
at the same concentration in corn oil at the two remaining sites on the
backs of 10 guinea pigs; and (2) after 1 week, topical application of
the test mixture in petrolatum over the injection sites (2 x 4 cm each
site) under an occluded dressing for 48 hours. The animals are chal-
lenged topically with a 25% suspension or qolution or with as high a con-
centration as possible of the test mixture in petrolatum 2 weeks after
topical induction. The sites are evaluated for erythema and edema 24
hours after removal of the challenge patches and again 24 hours later.
The scoring system and allergericity ratings, based on the percentage of
animals sensitized, are noted in Appendix A.

In Vitro Mutagenicity Testing

Salmonella Typhimurium Strains TA1535, TA1537,
TA1538, TA98, and TAlOO

The Salmonella typhmurium strains used at SRI are all histi-
dine auxotrophs by virtue of mutations in the histidine operon. When
these histidine-dependent cells are grown on a minimal media petri
plate containing a trace of histidine, only those cells that revert to
histidine independence (his+) are able to form colonies. The small
amount of histidine allows all the plated bacteria to undergo a few
divisions; in many cases, this growth is essential for mutagenesis to
occur. The his+ revertants are easily scored as colonies against the
slight background growth. The spontaneous mutation frequency of each
strain is relatively constant, but when a mutagen is added to the agar,
the mutation frequency is increased 2- to 100-fold.

oth We obtained our S. typhimurium strains from Dr. Bruce Ames

of the University of California at Berkeley. 7- 1 1  In addition to having
mutations in the histidin. operon, all the indicator strains have a
mutation (rfa-) that leads to a defective lipopolysaccharide coat; they

6I
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also have a deletion that covers genes involved in the synthesis of

J! . vitamin biotin (bio) and in the repair of ultraviolet (uv)-induced
L DNA damage (uvrB-). The rfa- mutation makes the strains more permeable

to many large aromatic molecules, thereby increasing the mutagenic
effect of these molecules. The uvrB- mute-ion decreases repair of
some types of chemically or physically dai..ýged DNA and thereby enhances
the strains' sensitivity to some mutagenic agents. Strain TA1535 is
reverted to hi_+ by many mutagens that cause base-pair substitutions.
TA1O0 is derived from TA1535 by the introduction of the resistance
transfer factor plasmid pKMl01. This plasmid is believed to cause an
increase in error-prone DNA repair that leads to many more mutations
for a given dose of most mutagens. 1 1 In addition, plasmid pKMI01 confers
resistance to the antibiotic ampicillin, which is a convenient marker
to detect the presence of the plasmid in the cells. We have shown that
TA1O0 can detect mutagf is, such as benzyl chloride and 2-(2-furyl)-3-
(5-nitro-2-furyl)-acrylamide (AF2), that are not detected by TA1535.
The presence of this plasmid also makes strain TA100 sensitive to
some frameshift mutagens (e.g., ICR-101, benzo(a)pyrene, aflatoxin B1 ,
and 7,12-dimethyl-benz(a)anthracene]. Strains TA1537 and TA1538 are
reverted by many frameshift mutagens. TA1537 is more sensitive than
TA1538 to mutation by some acridines and benzanthracenes, but the
difference is quantitative rather than qualitative. Strain TA98 is
derived from TA1538 by the addition of the plasmid pKMlOl, which makes
it more sensitive to some mutagenic agents.

All the indicator strains are routinely checked for their
genotypic characteristics (his, rf.a, uvrB, bio) and for the presence of
the plasmid. Cultures are then stored in 10% sterile glycerol at -80* C.
For each experiment, an inoculum from the stock cultures is grown over-
night at 370 C in nutrient broth (Oxoid, CM67). After stationary over-
night growth, the cultures are shaken for 3 to 4 hours to ensure optimal
growth.

Aroclor 1254-Stimulated Metabolic Activation System

Some carcinogenic chemicals, either of the aromatic amnno type
or polycyclic hydrocarbon type, are inactive unless they are metabolized
to active forms. In animals and man, an enzyme system in the liver orother organs (e.g., lung or kidney) is capble of metabolizing a large

o 1 0 ,
number of these chemicals to carcinogens. 12-1' Some of these inter-
mediate metabolites are very potent mutagens in the S. typhimurium
test. Ames has described the liver metabolic activation system that we
use.12 In brief, adult male rats (250 to 300 g) are given a single
500-mg/kg intraperitoneal injection of a polychlorinated biphenyl,
Aroclor 1254. This treatment enhances the synthesis of enzymes involved
in the metabolLc conversion of chemicals. Four days after the injection,
the animals' food is removed but drinking water is provided ad libitum.
On the fifth day, the rats are killed and the liver homogenate is
prepared as follows.

117•Li
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The livers are removed aseptically and placed in a preweighed
sterile glass beaker. The organ weight is determined, and all subsequent
operations are conducted in an ice bath. The livers are washed in an
equal volume of cold, sterile 0.15 M KCI (1 ml/g of wet organ), minced
with sterile surgical scissors in three volumes of 0.15 M KCI, and j[.
homogenized with a Potter-ElvehJem apparatus. The homogenate is centri-
fuged for 10 minutes at 9000 x R, and the supernatant, referred to as
the S-9 fraction, is quickly frozen in dry ice and stored at -80* C.

The metabolic activation mixture for each experiment consists
of, for 10 ml:

• 1.00 ml of S-9 fraction

* 0.20 ml of MgC1 2 (0.4 M) and KCl (1.65 M)
* 0.05 ml of glucose-6-phosphate (1 M'
• 0.40 ml of NADP (0.1 M)
* 5.00 ml of sodium phosphate (0.2 M, pH 7.4)

* 3.35 ml of H20.

Assays in Agar

To a sterile 13 x 100 mm test tube placed ii a 430 C heating
block, we add in the following order:

(1) 2.00 ml of 0.6% agar*
(2) 0.05 ml of indicator organisms
(3) 0.50 ml of metabolic activation mixture (optional) '1
(4) 0.05 ml of a solution of the test chemical.

For negative controls, we use steps (1), (2), and (3) (optional) and
0.05 ml of the solvent used for the test chemical. Because the majority
of organic compounds are not sufficiently water-soluble--particularly
at the higher concentradions--we routinely use dimethyl sulfoxide (DMSO).
Other solvents that are occasionally used are water, ethanol, and
benzene. For positive controls, we test each culture by specificIi
mutagens known to revert each strain, using steps (1), (2), (3) (optional),
and (4).

This mixture is stirred gently and then poured onto minimal
agar plates.+ After the top agar has set, the plates are incubated at
3 7' C for 2 days. The number of his_1- revertant colonies is counted and

recorded.

* 0.6% agar contains 0.05 mM histidine and 0.05 nM biotin.

t Minimal agar plates consist of, per liter, 15 g of agar, 50 g of
glucose, 0.2 g of MgS04.7H2 0, 2 g of citric acid monohydrate, 10 g of Lu
K2HPO4, and 3.5 g of NaHNH4PO 4 .4H 2 0.

iI
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Part 1

RESULTS

Acute Oral LD50s of TNT, RDX, LAP, and LAP(I)

Table I lists the acute oral LD50s of TNT, RDX, and LAP in rats
and mice and of LAP(I) in mice.

The ackite LD50s of TNT were 660 mg/kg in both male and female mice
and 1320 and 794 mg/kg in male and female rats, respectively. After
dosing, the animals became inactive and developed tremors within 1 or 2
hours, followed by petit mal convulsions and death within 4 hours in some
animals. Animals that survived the convulsions were still alive at 14
days postexposure. Red urine was noted in cages of both species within
60 minutes after dosing.

An experiment to determine the acute oral LD50 of RDX in rats and
mice was conducted. The acute oral LD50 of RDX was 86 mg/kg in female
mice. A value in male mice was not determined since at least 5 of 10
mice died at every dose level tested. In rats, an LD50 value of 71 mg/kg
was obtained for males. For female rats, none of 10 died at the 50 mg/kg
level and 9 of 10 died at the 75 mg/kg level. The acute LD50 lies
between these values. Before death, the animals showed symptoms similar

4. to those produced by TNT, but not as pronounced. Death occurred faster
with RDX than with TNT at comparable doses. After a dose of 5.0 g RDX/kg,
the rats and mice died in less than 5 minutes.

The acute oral LD50s of LAP were 947 and 1131 mg/kg in male and
female mice, respectively, and 574 and 594 mg/kg in male and female rats,
tespectively. Thus, the mixture was more toxic to rats than to mice,
but no appreciable difference in toxicity between sexes was apparent.
All animals given a lethal dose of LAP died within 24 hours after dosing,
after having convulsions of the grand mal type. The animals that survived
the convulsions also survived the 14-day post-treatment observation
period. The survivors were very aggressive, suggesting some behavioral

F effect from the treatment.

When the mixture was retested after more exhaustive dispersion in
corn oil (48 hr instead of 24 hr as in Table 1), the acute LD50s in male
and female rats were lower (281 and 317 mg/kg, respectively). These
animals exhibited discolored urine, rough fur, depressed activity before
death, and, at the highest dose (750 mg/kg), humped backs. Toxic signs
disappeared in survivors within one week, but the sole survivor at the
highest dose had rough fur throughout the observation period.

The acute oral LD50s of LAP(I) were 585 and 684 mg/kg for male and
female mice, respectively. Thus, the irradiated mixture was more toxic
to mice than unirradiated LAP. All deaths occurred between 0.5 and 1
hour after dosing. Inactivity, convulsions, and/or squealing preceded
death. A few animals were observed to bite at the air or paw their
mouths. Red urine or feces were common in dosed animals. Mice that
survived showed no outward signs of toxicity other than ataxia, which

4L disappeared within a few hours.
U9
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Eye Irritation oi LAP and LAP(I) in Rabbits [Ii
Table ' summarizes the eye irritation scores for rabbits treated

with LAP powder. One hour after treatment, eye irritation was limited
to a mild redness of the conjunctivae in the rabbits that had had the
substance washed from the eye 30 seconds and 5 minutes after treatment.
The eyes that had been washed 30 seconds after treatment had zero scores
at 24 hours, and the eyes that had been washed ý minutes after treatment
h;i zero scores after 7 days. The unwashed eyes had mild to moderate
redness and swelling of the conjunctivae and a moderate discharge
1 hour after treatment. They were unchanged at 24 hours, but the dis-
charge had diminished by 48 hours and had reached zero by Day 7. However,
on Day 4, corneal lesions appeared in all the eyes that had not been
washed, and one rabbit had developed opalescent areas in less than one-
fourth of the cornea and in about half of the iris; that condition per-
sisted through Day 7. The unwashed eyes of the other two rabbits had
cleared in that time.

Table 3 summarizes the eye irritation scores for rabbits treated
with the LAP(I) powde-. The test material caused a moderate conjunctivitis
in the eyes of all - 'its, washed or unwashed. The condition appeared
within 1 hour of in!.. llation and was accompanied, in some cases, by
mild iritis.

In the group whose eyes were washed with water 30 seconds after
instillation, two of the three rabbits still had iritis at 24 hours,
but after 48 hours the condition had cleared in all three eyes. One of
the rabbits in this group died on the third day of the test. At necropsy,
the animal was found to have an exudate from the ieft (treated) eye and
from the anus, moderate diffuse emphysema of the lungs, marked diffuse
white spots on the liver, and hepatic coccidiosis. The animal was
slightly autolyzed. Cause of death was not ascertained.

Corneal opacity was seen at the 24-hour reading in the unwashed
eyes and in those eyes washed 5 minutes after instillation. This
condition persisted in two of the three unwashed eyes for more than
30 days. In the group whose eyes were washed 5 minutes after instillation,
all eyes were normal (scores of zero) by 15 days.

Skin Irritation of LAP and LAP(I) in Rabbits

Table 4 summarizes the scores recorded during the skin irritation
tests of LAP on rabbits. Erythema was observed on 3 of 12 abraded areas,
in contrast to 1 of 12 intact sites. The erythema cleared totally in
all sites after 72 hours (48 hours later). The primary irritation score
for the LAP mixture was 0.082.

Table 5 summarizes the scores recorded during the skin irritation
tests of LAP(I) on rabbits. Distinct erythema was recorded at the
application sites on two of the six rabbits upon removal of the patches
[24 hours after application of LAP(I)I; these sites had cleared 48 hours
later. Very slight edema was recorded at the sites on two of the testanimals at the latter reading (72 hours after application). There was no

pronounced difference between abraded and intact site scores. The
primary irritation score calculated for the LAP(I) mixture was 0.38.

10
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Fart 1

Skin Sensitization to LAP and LAP(I) in Guinea.Pis

Table 6 presents the individual scores for the guinea pigs treated
with LAP. One guinea pig died overnight after challenge. Visual

p [ examination of that animal revealed no evidence of a strong allergic
response to treatment. Considering the mildness of the response to
treatment in the remaining animals, we ascribed the death to stress,
"which is not uncomnon among guinea pigs in the sensitization test.
No severe reactions (scoras greater than 2) were observed with LAP in
any of the other nine guinea pigs, and the redness observed at 24 hours
had disappeared after 48 hours in all but one animal.

The percentage of guinea pigs responding to the treatment was 67%.
By the criteria of Magnusson and Kligman 6 (Appendix A), the LAP mixture
would be classified as a strong allergen.

Table 7 presents the individual scores for the guinea pigs treated
with LAP(I). Although all of the reactions to LAP(I) were mild (scores[ of 1), they persisted for 48 hours. The percentage of guinea pigs
responding to the challenge was 70%.

In Vitro Mutage)ticity Testing

r In a previous project, 1 5 we reported that no mutagenic activity
S.was bbserved with TNT or RDX at their limits of aqueous solubility in

Salmonella typhimurium or Saccharomyces cerevisiae D3. We also observed
that at pH 7, 50% and 100% photolyzed and at pH 9, 100% photolvzed LAP
were mutagenic in assays with S. typhimurium.

In the current study, we extmined the mutagenic activity of TNT
in the Salmonella microsome assay. The TNT was dissolved in dimethyl
sulfoxide so that considerably more material could be added to each
petri plate. Results of a representative assay are presented in Table 8.
TNT increased reverse mutation rates, as indicated by a dose-related
increase in mutants, in S. typhimuriun strains TA1537, TA1538, TA98,
anld TA100 botl, in the presence and in the absence of the liver homogenate
metabolic activation system (S-9 mix). Toxicity and mutagenicity were

areduIed by the i -9 mix.

The results of the Ames test on LAP and LAP(I) are presented in
Tables 9 and 10. The test strains used were the same as above with

and without metabolic activation. LAP was unequivocally positive only
at the highest dose (5000 pg) tested with or without metabolic activation,
and then in only three of the five strains (TA1538, TA98, and TAl00).
LAP(I) was positive in four of the strains (with or without metabolic
activation) and marginally so in the fifth (TA1535), The response
increased in a dose-related fashion and was apparent in some strains
(TA1538, TA98, and TAI00) at concentrations as low as 5.0 ug per plate.

* LAP(I) was clearly more mutagenic than LAP.

t1



Part 1

DISCUSSION AND CONCLUSIONS

Acute Toxicity of TNT, RDX, LAP, and LAP(I) [j
In rats, the acute oral LD50 for TNT is 1320 mg/kg for males and

794 mg/kg for females. The acute LD50 of RDX is 71 mg/kg in male rats
and approximately that value in females. The LAP mixture has an acute
oral LD50 of 574 and 594 mg/kg in males and females, respectively.
These values--as well as the values obtained when LAP is dispersed for
a longer period in the corn oil diluent (281 and 317 mg/kg, respectively,
after 48 hours of mixing)--are between those for TNT and RDX, suggesting
that in rats the two components of LAP act additively but in a mutually
exclusive manner.

In mice, the acute oral LD50 o•fTNT is 660 mg/kg in both males and
females, and that of RDX is <75-lig/kg in males and 86 mg/kg in females.
Since the acute oral LD50s of'the LAP mixture are 947 and 1131 mg/kg
in male and female mice, respectively, the toxicity of LAP in this
species is less thap-fhat of either of its component . This may result
from interferenge-1in the production of metabolite:ýresponsible for the L
toxicity or frbm inhibition of absorption of t test materials. No
difference-"in sensitivity to TNT, LAP, or between sexes was evident,
except for the higher LD50 obtained for in the male rats.

The LD50s for TNT and RDX may be compared with other values reported
in the literature. For TNT, Lee et al. 2 found acute oral LD5Os of 1010
and 820 mg/kg for male and female rats, respectively. Schneider et al. 16

reported that when rats were given 50 mg of RDX in DMSO per kilogram of
body weight, 20% died. They cautioned that the acute oral toxicity
varies with particle size and with the nature of the solvent. Large
particles, because of their decreased absorption in the gut, were less
toxic. With the same RDX particle size and 1% methyl cellulose, all
animals dosed with 100 mg RDX/kg of body weight died, whereas none died
when this solvent was not used. These variations in particle size and [
solubility, even with the exhaustive efforts we have made to solubilize
RDX (stirring for at least 24 hours), probably are responsible for the
inability to obtain precise values for LD50s of RDX in all cases
(Table 1). Although such values can be obtained, the expense would
probably not be justified for the objectives of this study.

The LAP(I) mixture has an acute oral LD50 of 585 mg/kg for male
mice and of 684 mg/kg for female mice. These values i;,=i~te that the
irradiated LAP wastewater has greater toxicity than LAP itself. This
result was opposite to what we had expected on the basis of aquatic
tests. In those tests, the acute toxicity of the unirradiated and
irradiated LAP was determined in four different species of fish and
four Invertebrate species. 17  Irradiated mixtures (with >50% TNT
degradation) were invariably less toxic than the unirradiated LAP mixture.
Because of the difference between the results of the mammalian and aquatic
toxicity testing, a second test of LAP(I) was conducted in mammals--a
modified subacute study of LAP and LAP(I) in the rat. The results ofthat study are described in Part 4.

12
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Eye Irritation of LAP and LAP(I) in Rabbits

L LAP caused no prolonged irritation in rabbits whose eyes were
washed 30 seconds or 5 minutes after administration. It did cause a
delayed reaction in the eye of one of three rabbits in the no-wash group,

1. and the irritation persisted after 7 days. The lesion was characterized
as an opacity of the cornea, which obscured about half the iris and
was coupled with mild iritis. On this basis, LAP should be considered

-. as an eye irritant. TNT alone did not cause eye irritation in rabbits.2

The reported development of cataracts in humans exposed to TNT is
possibly relevant.18-2 1 Determining whether repeated administration
of LAP to the eye produced the lesion in rabbits was beyond the scope
of this study. The mechanism of cataract formation is unknown, but
a recent report on studies of diabetes implicates increased sugar
concentrations in the blood as being a major factor in cataract formation.22

The possibility that oral administration of TNT might produce cataracts
by elevating serum glucose must also be considered. Consequently,
particular attention should be paid in subacute or longer term studies
to examinations of the eye for this effect, using blood glucose
determinations as a possible early indicator of cataract formation.

A. Conjunctivitis, iritis, and corneal opacity were observed within
24 hours of instillation of LAP(I) in the eyes of most of the rabbits.
These effects cleared in those eyes that were washed 30 seconds after
administration and were clearing in those washed 5 minutes after adminis-
tration. In eyes that remained unwashed, the conjunctivitis and corneal

-~ involvement persisted for 32 days; the corneal damage was judged to beI. irreversible in at least one of the three eyes. LAP(I), like LAP, is
an eye irritant, and is apparently capable of causing irreversible
damage to this organ.

Skin Irritation of LAP and LAP(I) in Rabbits

I. LAP has a primary skin irritation score of 0.082 in rabbits. This
score is almiost negligible (less than 2 is mildly irritating); therefore,
LAP should be considered as virtually nonirritating to rabbit skin. In
contrast, TNT is a mild irritant.

2

LAP(I) has a primary skin irritation score of 0.38 in rabbits
on that basis is classified as a mild irritant. This score was slil .lyl~j higher than that obtained with LAP, suggesting that the photolyzed
mixture is more irritating to the skin.

Skin Sensitization to LAP and LAP(I) in Guinea Pigs

LAP causes a dermal reaction characteristic of hypersensitivity,1**according to the maximization test of Magnusson and Kligman.6  In this
test, LAP produced reactions in 67% of the animals; thus, it would be

) 13
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tt
classified as a strong allergen. This is not surprising because INT
and other nitrotoluenes are known to cause dermatitis in animals and
man. 14,18,21 L

The classification of LAP and LAP(I) as allergenic agents might be
defined more precisely if we were to test 25 animals, as recommended
in the Magnusson-Kligman procedure, as a follow-up. However, the value
of performing a second test on more animals is questionable at this
time. Although this method is probably the one most frequently used
in animal testing, considerable dissatisfaction with it has been
expressed. In 1977, the FDA and Consumer Product Safety Commission
issued independent requests fo- proposals to develop an improved,
more predictive sensitization test method for animals. Therefore, werecommend awaiting the outcome of these investigations before deciding
whether any additional work needs to be done to define the allergenicity
response of LAP and LAP(I) in animals.

In Vitro Mutagenicity Testing

Because the Salmonella strains we use have endogenous aromatic
nitro reductase enzyme(s), the activity that we observed possibly is
high relative to the potential hazard of TNT. However, it should be
noted that many aromatic nitro compounds have been shown to be mutagenic
and carcinogenic. 7 Therefore, in view of the correlation between
mutagenic activity in Salmonella assays and carcinogenic activity, TNT
should be considered to be a potential carcinogen.

LAP and LAP(I) both produced increases in the number of revertants
in several of the Salmonella strains used to assay for mutagenic potential.
LAP tested positively in strains TA1538, TA98, and TA1O0 and LAP(I) did
so in these strains plus TA1537. The effect of these mixtures on the
other strains was equivocal. The addition of a microsomal metabolizing
system to the plates during incubation had no pronounced effect on thL
results with either test mixture.

Although both LAP and LAP(I) were considered mutagenic on the basis
of the assay results, LAP(I) was clearly much more potent in this

ect than LAP. LAP(I) produced an increase in revertants in more
!z .ns than did LAP and at much lower concentrations (5.0 Pg vs
5000 ug for LAP). It may be concluded that irradiation substantially
increases the mutagenic potential of LAP. Since the percent content
of unreacted TNT is much lower in LAP(I) than in LAP, the test results
sugo'est that irradiation produces decomposition products that are more
po mutagens than TNT. {
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Table 2

EYE IRRITATION OF LAP IN RABBITS

Y
Total Scorest for Three Eyes

Washing Time* 1 Hour 24 Hours 48 Hours 72 Hours Da 7Da

No wash

Cornea 0 0 0 0 25 30*

Iris 0 0 0 0 5 5

Conjunctivae 36 30 12 10 14 0

Total 36 30 12 10 44 35

Wash 30 sec after
treatment

Cornea 0 0*

Iris 0 0*

Conjunctivae 16 0__**

Total 16 0

Wash 5 min after
treatment

Cornea 0 0 0 0 0 0

Iris 0 0 0 0 0 0

Conjunctivae 18 14 4 0 32_2 0

Total 18 14 4 0 12 0

* Three rabbits per group.

t Maximum possible score for three eyes by Draize method at any one n
reading is 330 (Appendix A).

+ This score was in one rabbit only; there was corneal involvement and
the iris was slightly red (score of 1). Scores for the other two
rabbits' eyes were zero.

** Rabbits were observed again but not scored (were unchanged) at 96 hours.

'It Scored on the weekend by a different technician. Scores were 1 for
redness, chemosis, and/or discharge (A + B + C - 2; see Appendix Afor scoring scale) for each treated eye in this group.

16
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Table 4

SKIN IRRITATION OF LAP IN RABBITS

24-Hour Readings* of Erythema

Animal No. Intact Abraded

1 0 0 0 0 V

2 0 0 0 0

3 0 0 0 0

4 0 0 ,0 0
5 1 0 1 1

6 0 0 0 1
5I

Average total
score 0.08 0.25

Combined score 0.33

Primary irritation score - 0.33 ÷ 4 0.082

I it.

* 72-Hour readings were zero at each site.

t No edema was observed at any site.

18t'I
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Table 6

SENSITIZATION OF GUINEA PIGS TO LAP*

Scores at 24 Hours
After Challenge Scores for Erythema at

Animal No. Erythema Edema 48 Hours After Challenge

1 Died

2 0 0 0

3 1 0 0

4 1 0 1

5 2 0 0

6 0 0 0

7 1 0 0

8 0 0 0

9 2 0 0

10 1 0 0

Percent 6
Positive: 67 0 0

A
* Concentration of LAP in Freund's Complete Adjuvant and in

corn oil for intradermal injection was 3%. Topical
concentration of LAP in petrolatum for induction and for
challenge was 20%. "

20' 20
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Table 7

SENSITIZATION OF GUINEA PIGS TO LAP(I)*

n'

Scores for Erythema at Scores for Erythema at
Animal No. 24 Hours After Challenget 48 Hours After Challenge-

1i . 1 1'!

2 1 1

3 1 1

4 0 0

5 1 1

6 1 1

7 0 0

8 0 0

" 9 1

10 1

Percent Positive: 70
i.

* Animal Nos. 1 through 5 and 6 through 10 were dosed a- 2% and 1% of
! LAP(I) in petrolatum, respectively, in the induction step. Theconcentration was reduced because the high viscosity made LAP(I)

in the adjuvant difficult to inject. The concentration for challenge
was 25% LAP(I) by weight in petrolatum.

t No edema was observed.

21
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PART 2 - SUBACUTE ORAL TOXICITY STUDIES ON TNT (PHASE II)

INTRODUCTION

This section describes the results of the 90-day subacute oral
toxicity studies of TNT in dogs, rats, and mice. These studies were
performed (1) to define toxic symptoms arising from repeated oral doses
of TNT and to identify the target organs or systems; (2) to establish
a dose-response relationship where possible; (3) to establish no-effect
"levels for exposure of the species to TNT; and (4) to provide guide-
lines for establishing the dose levels to use in the chronic studies.
The reversibility of any adverse effects was assessed in groups allowed
to recover for 4 weeks after discontinuation of treatment with TNT.

A. PROCEDURES

Studies in Dogs

Housing and Maintenance

V •Forty American Kennel Club (AKC)-registered beagles from Marshall
Laboratory Animals, North Rose, New York, were used in these experiments.
The dogs were 5 months old on receipt at SRI. They were identified by
ear tattoos, inspected when received, and numbered with metal tags on
chain collars and by cage cards. The dogs were quarantined for a
minimum of 3 weeks; those that were found to be unhealthy were returned( to the supplier and replaced by healthy animals before the study

- commenced.

The dogs were housed two to a run or singly in covered outdoor
runs that are protected from inclement weather by a roof, walls, and
side curtains. Each dog was fed 400 ± 5 g of dry Wayne Bite-Size
Kibble1 r daily. The food was placed in the food pans immediately after
the dogs were dosed. The food was picked up for reweighing 2 to 3 hours
later. (The dogs had been trained on this feeding schedule while they
were in quarantine.) Food consumption was determined daily for each
run, 5 days per week. Food consumption/animal/day was calculated from
the sum of the food consumed by dogs in each group over this 5-day
period divided by the sum of the number of days each dog in the group
survived (5 x number of dogs/group if none died prematurely). On
weekends, the dogs received approximately the same amount of food, but

the unconsumed food was not weighed.

27/27
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Part 2

i0
Treatment Protocol [1
The beagles were divided into three treatment groups and one control

group consisting of five males and five females each. All treated r
beagles were dosed daily by capsule. At the end of 4 weeks, one male
and one female from each group ware killed and a second male and female
from each were set aside for recovery. The latter two animals were killed
4 weeks Iater (after 4 weeks of treatment and 4 weeks of recovery). The

F remainling dogs were continued on treatment for a total of 13 weeks, at
which time 4ro males and two females from each group were killed. The
remaining dogs were withdrawn from further treatment and allowed to
recover for 4 weeks before they were killed.

TNT was mixed with predetermined amounts of lactose (U.S.P.) powder
for ease of handling. The TNT/lactose mixture was then weighed under
a ventilated hood on a Mettler P162 balance to ± 0.01 g, on the basis
of the weight of the dog to receive the dose, and placed in I/8-oz.
gelatin capsules. Control dogs were given the same amount of lactose V
powder in capsules. Dose levels administered were 0.0, 0.2, 2.0, and
20.0 mg TNT/kg of body weight. Periodically, samples were analyzed for
TNT content by reverse phase hplc using methanol:water (60:40) as eluent. 1

The compounds and capsules were stored in the dark in a refrigerator I
until use. The dogs were dosed between 9:30 and 11:30 a.m. each day.

Tests

All dogs were observed daily during capsule administration and
feed weighings, and unusual signs were recorded. They were weighed f
once a week, and food consumption was recorded 5 days a week.

Hematology and clinical chemistry determinations were performed
on blood samples from surviving animals at 0, 4, 8, 13, and 17 weeks.
Approximately 10 ml of blood was drawn from the jugular vein of each
dog via a 20-gauge, 1.5-inch needle fitted into a l0-ml syringe. Two
milliliters of fresh blood were immediately transferred to a 2-ml!

Vacutainer containing EDTA anticoagulant for blood counts (CBCs,
including hemoglobin and hematocrit). The remaining 8 ml of blood was
centrifuged after clotting for 10 minutes at 2000 rpm in an IEC Inter-
national Universal Model UV centrifuge. The serum was transferred by
syringe to an additive-free, 10-ml Vacutainer and refrigerated. The
whole blood and serum samples were delivered on the same day to
Peninsula Medical Laboratory (Menlo Park, California) for analysis.
Appendix A describes the analytical methods used by that laboratory,
which is a fully accredited, State-licensed facility. Urinalysis
methods on urine samples taken from dogs are also described in
Appendix A.
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Part 2

F At sacrifice, each dog's brain, heart, liver, kidneys, spleen,
gonads, thyroid, and adrenals were weighed immediately and the absolute
weights were recorded. A computer program was used to calculate organ-

to-body weight and organ-to-brain weight ratios from these data. All
body and organ weights, hematology, and clinical chemistry data were
compiled and evaluated statistically as described in Appendix A.

All tissues or representative sections were fixed in 10% neutral

buffered formalin and saved for histopathological analysis. Other
tissues examined grossly and microscopically were the aorta, bone,
bone marrow (smears only), colon, cholecyst, duodenum, epididymis,
esophagus, eye, ileum, jejunum, lung, lymph node, sciatic nerve,

V.. pancreas, parathyroid, pituitary, prostate, salivary gland, seminal
vesicles, skeletal muscle, spinal cord, stomach, trachea, urocyst,
uterus, and vagina. The thymus was also examined unless it was

unidentifiable because of atrophy. The methods used to prepare and
examine slides are described in Appendix A.

Studies in Rats

Housing and Treatment Protocol

One hundred and five male and 105 female Sprague-Dawley (outbred)
rats, approximately 6 weeks old, were obtained from Simonsen Laboratories,
Gilroy, California, on the same day. They were quarantined for I week

to ensure that only healthy animals were used in the study. The
animals were assigned three to a cage alternatively with two to a cage
in the order they were received off the truck. As the cages were filled,
they were assigned to groups in the following sequence: controls, low
dose, mid dose, and high dose, each group (20 males and 20 females)

being filled before the next was started. Individual animals were
identified with cage cards and ear punches.

Diets were prepared by mixing TNT with powdered Purina Laboratory
Chow* in a U.S. Stoneware ball mill to form a stock mixture. The
stock mixture was diluted with Purina chow to make the 0.25% high dose
diet using i Hobart H-600-T rotary mixer. The remaining diet levels

were prepared in descending order of concentration: 0.05%, 0.01%, and
0.002% TNT by weight by diluting aliquots of the preceding diet level
with powdered chow. The control diet was unaltered powdered Purina
Laboratory Chow (0% TNT). The diets were placed in hanging feeders in
the cages and added to or changed weekly as the supply warranted. All
diets were kept refrigerated until used, and fresh diets were prepared
and administered biweekly. Stability of the TNT was determined by hplc

after extraLtion of feed samples with dichloromethane; TNT was unchanged
after 4 weeks.

* Rodent Laboratory Chow 5001 (formerly Laboratory Chow 5001).

2
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The schedule for sacrificing the animals was as follows. At the
end of 4 weeks of treatment, five males and five females from each
group were killed, and five additional males and five females from each
group were placed on recovery (no treatment) for 4 more weeks before
they were killed. The remaining rats were continued on treatment for
a total of 13 weeks. At the end of that period, half the rats were
killed and the other half were allowed a 4-week recovery period before
they were killed. The rats were fasted for 16 hours before sacrifice.

Tests

Each rat was weighed weekly, and food consumption was determined
weekly per cage by the difference between initial and final feeder
weights. These differences were summed for all cages per group and
divided by the number of animal days for that group during the week.
(Animal days - the number of the animals in the group times the sum of
the number of days each survived during the week.) All test animals
were observed daily, and unusual signs were recorded. {

Blood and serum samples were collected at each sacrifice time; the
samples were refrigerated and delivered on the same day to Peninsula
Medical Laboratory for analysis. Immediately before sacrifice, each
rat was anesthetized with chloroform and blood was drawn directly into
a 10-ml syringe after puncture of the heart with a 20-gauge, 1.5-inch
needle. Two milliliters of fresh blood was immediately transferred to
a 2-ml Vacutainer containing EDTA for determination of CBCs, including
hemoglobin and hematocrit. Sera were prepared from the remaining blood
in the same manner as for dogs.

[
Immediately after sacrifice, the brain, heart, liver, kidneys,

spleen, and gonads (males only) were weighed. The absolute organ weights
were recorded, and weight ratios were calculated using a computer
program. All tissues were fixed for histopathological examination in
the same manner as for dogs. Other rat tissues that were so examined
were the adrenal, aorta, bone, bone marrow, cecum, cervix, colon,
duodenum, epididymis, esophagus, eye. ileum, jejunum, lung, lymph node,
sciatic nerve, ovary, pancreas, pituitary, prostate, salivary gland,
seminal vesicle, skeletal muscle, skin, spinal cord, stomach, thymus,
thyroid, trachea, urocyst, uterus, and vagina. The mammary glands and
parathyroids were also examined, but in fewer instances. Any tissues
of unusual appcarance noted at necropsy were examined histopathologically.

L
One hundred male and 100 female Swiss-Webster mice (15-20 g in

weight) from Simonsen Laboratories were used. The protocol and test
methods for this experiment were the same as those for rats, with the
following differences:

II
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(1) Mice were housed five to a cage.

[ (2) Dose levels were 0.0, 0.001, 0.005, 0.0025, and 0.125%
TNT by weight.

(3) Feeders in the cages were of the covered variety.

(4) Individual mice were identified with cage cards and by
yellow spots of dilute picric acid solution on their
fur. The markings were as follows in earth cage: #1, one
spot on the head; #2, one spot at the base of the tail;
#3, one spot on the head plus one spot at the base of
the tail; #4, a stripe from head to tail; #5, no spot.

(5) No serology was done because of the small amount of
blood available from a mouse. Blood sanples were
diluted with normal saline to provide euough volume I
for hematologic analysis.

The methods of drawing blood, of euthanasia, and of storing
and transferring blood samples to Peninsula Medical Laboratory
were the same as for rats. Weekly body weights and food consumption
were determined in the same manner as for rats. The same organs and
tissues were examined grossly and microscopically as in the rat,
with the addition of the cholecyst in the case of the mouse.

RESULTS

Studies in Dogs

Observations

Loose mucoid stools and diarrhea were frequently observed among
the animals that received TNT at the 20 mg/kg/day level. The only
overt sign of possible neurological effects was inactivity in males,
a condition that lasted for periods of several days. On one occasion
nystagmus was seen in one of the males. By Week 12, the three
remaining males became inactive, however, and this inactivity persisted
until treatment was terminated.

A further observation was that the 20-mg/kg TNT dose produced an
orange-tinted color in the dogs' urine, particularly among the females.
This began on the sixth day and lasted as long as TNT was administered.

One male dog (A3-39) treated with 20 mg/kg/day became moribund
and was killed during the twelfth week. This dog had suddenly stopped
eating, so it was emaciated. Its kidneys, liver, and spleen were
enlarged, weighing 76, 750, and 100 g, respectively--50 to 75% greater
than the weights for the same organs from control dogs killed at 13
weeks. At necropsy, swelling was ooted in the left upper cerebral
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hemisphere of A3-39, the lung was congested and dark in color, round-
worms were in the duodenum (these had been observed during the ninth
week and occasionally in the stools of this dog at other times), and
the lymph nodes were hemorrhagic and reactive. Dog A3-39 had marked
anemia and almost no mature myeloid cells. Almost all (93%) of the
remaining white cells were lymphocytes. Changes in the clinical
chemistry profile of the dog included an elevated cholesterol level--
318 mg % (controls, 130 ± 9 mg %)--and a slightly increased alkaline
phosphatase level of 205 mU/ml (controls, 95 ± 20 mU/ml).

Body Weights

Tables 11 and 12 present the mean body weights for males* and
females determined weekly during the 13-week treatment periods. No
statistically significant effects on body weight were detected. All
male and female groups lost 0.2 to 0.6 kg during the first week, except
for females at the 20-mg/kg/day level; they lost 1.4 kg. Except for
males and females given the highest dose and females given the inter-
mediate dose, all groups had recovered and were gaining weight by the
first sacrifice (Week 4). We attribute these initial changes in body
weight principally to the stress or anxiety caused when administration
of capsules began. From Weeks 5 to 13, the maximum overall change in
any group was 0.6 kg, indicating a very stable period. However, in
both males and females given 20 mg/kg/day, a slight downward trend in
body weights was apparent after Week 9, which in the case of males
coincided with the development of inactivity. However, the control
dogs also lost weight during this period, and because of this there is
no clear relationship of this trend to the treatment.

Tables 13 and 14 present the weekly differences in body weights•
of the treated dogs. While both males and females at the 20 mg/kg/day
level lost more weight during Week 1 than did other groups, only the f
female body weight differences were statistically significant (p < 0.05).
Females at the 2.0 mg/kg/day level lost weight overall during the first
four weeks; their failure to gain weight during Week 4 was statistically '
cited (p < 0.05).

Tables 15 through 18 present the body weights for dogs treated 0
with TNT for 4 or 13 weeks and then observed for 4 more weeks untreated.
The female given 2.0 mg/kg/day lost weight up to Week 4 and recovered
thereafter (Table 16). Since this transition coincided with the dog's

* The data for the males that received the high dose (20 mg/kg/day)
on Week 12 are pooled values that include the dog killed during
Week 12 of treatment and the other two surviving males. The body
weight of the killed dog was 9.9 kg at sacrifice. Hematology and
clinical chemistry data on these males were similarly pooled.
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removal from treatment, the possibility exists that TNT was responsible
V- for its weight decrease. The female given the 20-mg/kg/day level lost

far more weight (2.0 kg) than any other animal during the first week.
Again, the weight loss may be partly due to the trectment and the
recovery may be due to adaptation to and withdrawal from the treatment.

An interesting observation was that during recovery, two males and
one female given the high dose lost weight. In the dogs treated for
13 weeks, the reversal in body weight appeared to start during the
treatment period (Week 10). Those animals had loose stools occasionally
throughout the recovery period. The male became noticeably thin during
Week 15 and was very thin by Week 16 (Table 17). This dog had round-
worms in its stools during Days 56 to 60 and occasionally afterwards.
The female remained outwardly healthy except for the appearance of
loose stools occasionally, which was not considered abnormal.

The male given the high dose for 4 weeks lost weight only during
recovery. During this period, it had sore feet and diarrhea during
Week 6. The condition so worsened that the dog was treated with Azium®
and Bicillin® for 3 days during week 7 and with Bicillin again the
following week. Although the dog still had swollen front feet during

Week 8, its condition was improving on the last day.

In summary, a TNT dose of 20 mg/kg/day does produce body weight
V loss, and the 2.0 mg/kg/day level possibly affects the weight of some

dogs. These effects are temporary initially; but, as the result of
the female at 2.0 mg/kg/day indicates, they can be more long-lasting.
The lower body weights in the dogs at the 20-mg/kg/day level late into
the study--regardless of whether the dogs continued on treatment--is
of concern since ir may reflect a delayed onset of toxicity, and this
effect therefore may be treatment-related.

Food Consumption

Tables 19 and 20 summarize food intake data for all groups over
the 13-week treatment period. The average male beagle consumes between
300 and 400 g of food daily, and females consume slightly less. Based
on this criterion, the food intake in the high-dose (20 mg/kg/day)
groups was appreciably lower than in the other test groups and the
controls during the first week and was slightly lower during the second
week also. Food intake for every group was lowest during the first
week, when all dogs experienced a weight loss, and it improved over the
next 2 to 3 weeks. Thereafter, there were no pronounced trends or
differences that might be attributable to the treatment.
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Organ Weights

Tables 21 through 24 present organ weights and organ weight ratios
for dogs sacrificed while on treatment. At 4 weeks, the most signifi-
cant findings were the enlarged spleen in the male and the enlarged
liver in the female at the 20-mg/kg/day level of TNT. These organ-to-
body weight and -brain weight ratios were also high. After 13 weeks,
the hearts of the females at the 2.0-mg/kg/day level appeared larger
on the average, in terms of absolute weight and the two ratios, but
these values were not out of line compared with those of other females
(see Table 22). At the 20-mg/kg/day level, the weights of both livers
and spleens (and the ratios) were high compared with those of controls
in both sexes (marginally so for the two females). At 13 weeks, the
adrenal weights and adrenal-to-body weight ratios were highest in the
dogs receiving the highest dose. The kidneys were enlarged and the
hearts were smaller in the males also after 13 weeks of treatment with 1..
TNT at 20 mg/kg/day, and dog A3-39 had small testes (15 g).

Tables 25 through 28 present the organ weight data and ratios on
dogs allowed to recover. At the 8-week sacrifice (4 weeks of treatmer
and 4 weeks of recovery), only the dogs that had received the high dose
were killed. This was an economical measure, considered justified
because pathological effects at lower levels had not been observed
after 4 weeks and because the animals at these levels in the recovery
stage appeared to be healthy. In the male, some organs were smaller
than expected (e.g., thyroid and heart). Since the heart-to-brain
weight ratio was also low, the smaller heart may be related to the
treatment. Although the condition of this male was not satisfactory,
we nevertheless concluded that organ weights were not indicative of
the factors that contributed to this condition. The female, although
healthy, did have an enlarged spleen and high spleen-to-body weight
and -brain weight ratios that are noteworthy. I

After 13 weeks of treatment and 4 weeks of recovery, the male at
the 2.0 mg/kg/day level had a somewhat large kidney and the kidney-to
brain ratio was the greatest of all males observed to that point. We
observed slight interstitial foci of lymphocytes in the kidneys of the
female, although the kidneys were not enlarged. The foci of lympho-
cytes were not observed in the male at the high dose. At the highest
dose level, no alterations in organ weights were apparent.

Hematology

Tables 29 through 40 present the values from hematological deter-
minations made on dogs before and during treatment and recovery. When
started on study, th• animals had all the outward appearances of
being healthy and were quite energetic. However, the first report from
Peninsula Medical Laboratory (initial values) and reports almost
throughout the study indicated that the percentage of band cells was
high. Such a condition might arise from the use of medication (not
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the case here), infection (coupled with hign WBC, but see below), or
misreading of the slides by an untrained technician. We checked the

*.... uric acid and creatinine levels (indicators of enhanced protein turn-

over) and found them to be normal for these animals. K+ ion concen-
tration and WBC levels were also normal. After 13 weeks of treatment
and 4 weeks of recovery, band cells dropped inexplicably back to the
normal range. Peninsula Medical Laboratory representatives reassured
us that only an experienced technician worked on our samples over this
period. Thus, the anomaly appears singular relative to the rest of
the hematology and clinical chemistry data; although we have no
explanation for it, the test result does not appear to be related to

.' the general health of the animals.

Tables 31 through 36 show that both males and females at the 20-
mg/kg/day level of TNT had pronoumced anemia, characterized by decreases
in RBC, Hgb. Hit, and MCHC and increased MCV. The anemia was most
marked during the first 4 weeks and improved slightly thereafter;
recovery in the females was dramatic between Weeks 8 and 13, except for
MCV and MCHC values. The only other finding that might be related to
the treatment is the tendency toward low PMN values after 4 and 13
weeks at the high dose compared with controls (not observed, however,

S~at Week 8).

For the dogs sacrificed after a 4-week recovery period (Tables 37
through 40), we detected leukopenia in the male exposed for 4 weeks to

the high dose of TNT (the dog that was losing weight at termination).
RBC, Hgb, and Ulct were high in the control and low in the female exposed
to 0.2 mg/kg/day TNT and sacrificed at 8 weeks. The exposed animal
was small but otherwise healthy and alert. The females that received
the higher doses had more normal hematological values, so we attributed
these observation, to the variability expected when one animal only
Sconstitutes a group. The percentage of PMN cells of the high-dose
female (but not of the male) was also low.

After 13 weeks of treatment and 4 weeks of rracovery, the male atL the 20-mg/kg/day level of TNT showed lingering signs of anemia (low
RBC, Hgb, and Hct), lukocytosls, and high PMN levels--possibly a
reflection of an increase in formation of new cells to compensate for
the anemia. The condition of the dog on the high dose had been
dete7:iorating up to sacrifice, and it was thin and had pigmented
macrophages in its liver (possibly hemosiderosis). The female at the
high dose, which had also lost some weight but was otherwise visibly
healthy, also had high WBC characterized by marked granuLocytosis.,
In addition to macrophages in its liver, that female h..d hemosiderosis
of the spleen and vaginitis. The prolonged treatment at this level
might have increased the propensity for infection, but the histopathology
and band cell levels--correlative evidence for ar. infection--were
normal and there was no appteciable increase in lymphocyte counts.
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Clinical Chemistry

Tables 41 through 48 present the blood chemistry data for dogs
on treatment. After 4 weeks, the females at the 0.20-mg/kg/day level
of TNT showed significantly low SGPT, but this value is not outside
the normal range values we have observed for SGPT. At the 2.0-mg/kg/day
level, both sexes had high uric acid (in both t- and r-tests). The
males also had increased alkaline phosphatase activity, which had been
observed initially in this group (Table 41) and therefore was not
related to treatment, and low iron, which might be related to the H
treatment. At the 20-mg/kg/day treatment level, cholesterol was
increased significantly in both sexes (marginally in the r-test, either
unflagged or A-flag) and SGPT was markedly decreased (C or D in the
r-test). In addition, bilirubin was elevated (statistically significant
in at least one test) in both sexes relative to controls, and iron was
low (significantly so for males). Thus, cholesterol, SGPT, bilirubin,
and iron appear to be altered by TNT treatment at the level of
20 mg/kg/day.

After 8 weeks of treatment, dogs in the low- and intermediate-dose K
groups had several altered clinical chemistry parameters. Phosphorus
in males at the 2.0-mg/kg/day level was high but not abnormally so.

Creatinine, uric acid, electrolyte balance, and SGPT showed notable
differences in females, even at the high dose; these differences were
attributable either to atypical control values or to normal group-to-

group variation. The effects on cholesterol (high), bilirubin (high),
SGPT (low), and iron (low) noted at 4 weeks in the high-dose animals
were seen again at 8 weeks. Although the changes were not statistically
significant in several instances, they were considered to be treatment-
related. Linear trend analysis confirms this in the case of cholesterot
and SGPT (Table C-4 in Appendix C).

After 13 weeks, triglyceride in males and creatinine in females

at the low and intermediate doses were statistically different from
the control values. In the former case, no consistent trend in ,Lherle
v.nlues was evident and values for triglycerides of 10 to 20 mg % were

cu.nmon in this study. In the latter case, the lower creatinine level
for the controls was responsible for the difference. At the high-dose:
level, cholesterol remained noticeably high (not significant stptis-
tically), bilirubin was high (p < 0.05 for males only, but D for each
sex in the r-test), SGPT was very low (significant at either p < 0.01
or p < 0.05), and iron was low (not significantly so).

The globulin levels for males at the 20-mg/kg/day level showed an
interesting response with time. In contrast to controls and to males
at the lower treatment levels, this measure gradually increased ojer
13 weeks, leading to a decreased A/G ratio. The effect was observed 12
in females with - to 8 weeks of treatment but nut thereafter. It
appears that the treatment (nonspecifically) enhanceil the synthesis of •

globulins. Additional studies might be justified (in conjunction with.
the 6-month chronic study of TNT in dogs now planned) to identify and

p •quantitate the class(es) of globulins affected.
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Tables 49 through 52 present clinical chemistry values for dogs
removed from treatment after 4 weeks of recovery. The clearest result
was the absence of an effect on SGPT in any of the four high-dose
recovery dogs; suppression of SGPT was clearly reversible. Cholesterol
tended to remain high at this level but not greatly so, and the
significance was obscured by occasional high values at other levels
(e.g., the female dog at the 0.20-mg/kg/day level in Table 53). Bili-
rubin was unchanged except in one female sacrificed at 8 weeks (4 weeks
of treatment and 4 weeks of recovery), in which case the value was on
"the high side. Iron values also tended to be high in the dogs sacrificed
at 8 weeks, suggesting possible cvercompensiation by the hematopoietic
system for the anemia that occurred during treatment. Only the value
for the male on the high dose sacrificed at 8 weeks seemed notably high.
Other differences'were the electrolyte balance of the high-dose male

Sat the 8-week sacrifice (a normal value that appeared high contrasted
with the others at this sacrifice tirae), the high triglyceride value
for the control female, and zero bilirubin, which we suspect are test
errors.

In sumnary, TNT treatment altered cholesterol, bilirubin SGPT,
and iTon at the 20-mg/kg/day level. Some effezts at lower leve.s, such
as on uric actd and iron at the intermediate level after 4 weeks, may

4l; be treatment-related, at least in the case of iron. All these effects
are revers:'ble.

"Urinaly sis

Urine samples were taken aseptically from the bladders of all dogs
on the TN7X study at. sacrifice. The samples were evaluated for specific
Savity, pil, albumin, sugar, appearance, WBC, RBC, epithelial cells,
bacteria, and crystalo (see Appendix A for definitions and methods).

The most significant observation was the dark amber color of the
urine from dogs at the 20-mg/kg/day level after 4 and 13 weeks of
treatment; this was seen in none of the other dogs, including those at
this treatment level that %ere allowed 4 weeks of recovery. The
coloration was possibly due co the presence of a metabolite of TNT,
which is at present unidentified. In additio., urine from half the dogs
on the high dose of TNT had specific gravities of 23 to 47, and the
two male dogs on continuous treatment for more than 4 weeks had traces
of protein (in one case, a 1+ score) in their urine.

Dog A3-39, the male that was moribund and killed in Week 12, had

dark-amber urine, a WBC score of 2-6, a 2+ for calcium oxalate crystals,Sand a faint trace of albumin in its urine.
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SHis topathology

Except for the high-dose male, A3-39, the dogs in the control and
treatment groups generally were in good nutritional condition, and
no gross alterations were observed at sacrifice. Table 53 summarizes
the microscopic lesions found in dogs killed after 4 weeks of treatment.
No clear treatment-related effects were observed, except possibly the
hemosiderosis in the spleen of the female. This may have resulted
from the pronounced anemia observed in these animals at sacrifice.
The obseivation of alveolar collapse and dilation in the high-dose
male is not singular and has been observed occasionally in other dogs
at other treatment levels and in controls.

Tables 54 and 55 eummarize the microscopic findings in dogs killed
after 13 weeks of treatment (including the male A3-39). Both high-dose
males and one of two females had liver lesions and enlarged livers.
Severil other observations that might be related to the treatment were
restricted to the high-dose male A3-39. These were hyperplasia of the
bone marrow, extramedullary hematopolesis, and hyperplasia of the
prostate. Since alveolar collapse and testicular atrophy were noted
in control males at this sacrifice, we cannot ascribe these effects
unambiguously to the treatment. The presence of a nematode parasite
in the duodenum of dog A3-39 may indicate a complication causing some
of the pathologic effects observed in that dog. All other lesions
in males or females found at this sacrifice time were so distributed
among the groups and the groups were so small that we cannot attribute

their occurrence to the treatment.

Tables 56 through 58 list the microscopic lesions found in dogs
allowed a 4-week recovery period. Only the two dogs at the 20-mg/kg/day
level were examired. After 4 weeks of treatment and 4 weeks of
recovery, slight focal nephrocalcinosis was seen in the kidneys of
both dogs, and the female had congestion of the spleen. These effects
were not seen in the dogs killed after 13 weeks of treatment and 4
weeks of recovery. In the latter case, parenchymal lymphocytes were
seen in the liver of the male at the high dose. The female had a
modest solitary focus of alveolar histiocytosis of the lung (not seen
in the other females), moderate hemosiderosis of the spleen, and
slight diffuse vaginitis. These effects may reflect incomplete recovery
of these dogs After the more prolonged exposure to TNT.

Studies in Rats

Observations

Rats were treated with TNT levels of 0.002, 0.01, 0.05, and 0.25%
(w/w) in their diets. Five rats of each sex were killed at each
sacrifice time; none died prematurely in any of the groups.

38

.AiLi



Part 2

No outward signs of toxicity were apparent ýn rats during the
study. Urine from both sexes at the highest treatment levels (0.05
and 0.25%) was red on Day 2, and this continued until sacrifice. In
males and females subjected to treatment at 0.01%, red urine appeared
on Day 50 and the color persisted until sacrifice. When the rats
were removed from treatment and allowed a recovery period, the red
coloration disappeared from the urine within 15 and 16 days after 4
and 13 weeks of treatment, respectively.

Body Weights

* Tables 59 and 60 give the weekly mean body weights for males and
females during the 13-week treatment period. Compared with controls,
the males (Table 59) receiving 0.25% TNT in the diet exhibited s±gni-
ficantly lower body weights every week (p < 0.01). The ratio test
indicated that the cornputer-calculated interval for the mean for this
high-dose group was 10 to 20% lower than that of the control. group
during the first 12 weeks ,.nd 20 to 35% lower during Week 13; during
the last week, the high-dose males apparently failed to continue growing.
All other male treatment groups exhibited low body weights compared
with controls. These diff-ýrences were apparent at 4 weeks, when aets
of animals were killed and others were set aside for recovery. Thus,
these differences in body weights apparently are attributable to
differences in the subpopulations of the groups continued on treatment
rather than to the treatment itself.

L At both the 0.05 and 0.25% TNT levels, femaler exhibited signi-
ficantly lower (p < 0.01) body weights than controls (Table bO). In
the rats that received G.05% TNT, the apparent depression in body weight

was partly due to the group's lower mean body weight comDared with
controls at the start of the study. Although the females at the 0.25%
TNT level also had significantly lower body weights than controls
at the start, the much greater difference between high-dose and control
means (reflected alsco 'n the ratio test, cited A) indicateq that, like
the males, those females had suppressed growth. The absence o' any
significant differences in the means tor females at the 0.002 and 0.01%
TNT levels compared with controls indicates that the treatment did not
have a detectable effect on body weights at these levls.

Tables 61 and 62 record the net body weight gains of males and
females during the 13-week treatment period. During Week 1, the rats
exhibited a significant reduction (p < 0.01; c.ted D in the ratio test)
in growth rate as soon as they were put or. the 0.25% TNT diet. Pre-
sumably, they had a strong aversion to the diet. During Week 2, however,
their weight gain improved (B in the ratio test), and no further
significant differences were recorded after Week 4 (except for females
ceuring Week 11). The weight gain of the males continued to lag

I \aoticeably behind that of controls for the remaining 9 weeks of
treatment, but the female weight gain did not.
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It should be noted that body weight gain tables as presently
constructed do not permit a ready comparison of the data when it is

desired to learn whether the suppression in body weight is disappearing
with time. To see what is meant by this etatement, consider the net
weight gain during Week 5 for males treated with 0.25% TNT. It was
23.9 g or greater than the control male gain of 21.9 during the same [
week (Table 61). However, to learn if the high-dose males are growing
at a normal rate by WeekS5, the comparison should be made with the.
weight gain of control males of approximately the same mean body weight
at the start of the week (Week 3, Table 59). When this is done, then
the high-dose males should have grown 37 g, or much more, if their
growth rate were now normal. This analysis applies as well to the
female data. A better comparison, where the objective is to assess
adaptation or recovery, would be to reconstruct these tables in such
terms. When interpreting the data in the weight gain tables here and
later, this shortcoming must be kept in mind.

Several. means at the lower dose level are also cited as being
significantly different. In no case, however, was the trend toward
consistently low or consistently high values. For example, the net
weight gain of males at the 0.002% TNT level increased significantly
relative to controls on Week 1 and decreased by approximately the same

magnitude on Week 2. Likewise, males at both the 0.002 and 0.01%
levels showed a low (p < 0.05) net weight gain on Week 7, counteracted
partly by a higher net gain on Week 6. These week-to-week variations
are to be expected and are not related Co treatment.

Further examination of the data in Tables 61 and 62, however,

reveals that on Week 9 all male and female groups had unexpectedly L
low body weight gains, which were offset by correspondingly high body

weight gains~ on Week 10. This observation suggests that a systematic
error occurred in the weighings on Week 9 (possibly a different balance
was used or the balance used was not tared properly). The compensatory
high body weight gains on Week 10 indicate that the weighing procedure

used in the first 8 weeks was again being followed. On the last week,
females in all groups showed decreases in weight, but these include J
the weigli's of animals fasted before sacrifice (half of those remaining

in each group).

Tables 63 through 66 present body weights of groups removed from
treatment for 4 weeks of recovery. Within 1 or 2 weeks, rats that had
been subjected to the 0.25% TNT diet for 4 weeks (Tables 63 and 64)
had such a marked recovery of weight that statistical differences
between groups were no longer apparent. A similar degree of recovery
was observed with high-dose groups exposed to TNT for 13 weeks (Tables
65 and 66), except that a slightly longer time was required. In no
case did the absolute means reach control means by the sacrifice date.
Therefore, even though the remaining differences are not statistically
significant, we cannot conclude that the animals fully recovered.
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Tables 67 through 70 present the net weight gain for the groups of
[rats allowed a 4-week recovery after treatment. The most notable
t.~. observation was the surge in body weight gain of all high-dose groups

during the first week that treatment was terminated (p < 0.01). Males
on the 0.05% TNT diet also showed increased weight gain during the
first week, which was statistically significant (p < 0.01) for the
13-week treatment, 4-week recovery groups; this also appears to be
a response to removal from treatment. Females both at this level and
at the 0.01% TNT level also showed increased food intake the week
following removal from treatment that was statistically significant
for females treated for 13 weeks.

In summary, TNT had no effect on body weights of male or female
rats at the 0.002 and 0.01% levels over the 13 weeks of treatment;
however, TNT significantly lowered body weights and weight gain at
the 0.25% dose level. A possible dose-related effect on weight gain
was detected at the 0.05% TNT level, but it was not as pronounced as
at the 0.25% level. Rats allowed a 4-week recovery period substantially
recovered from 4 weeks of treatment with TNT at the high dose, but
they required a longer recovery period when subjected to 13 weeks of

treatment.

Food Consumption

j Tables 71 and 72 give the daily food consumption data for control
and TNT-treated rats during the 13-week treatment period. The food
consumption of both male and female rats given 0.25% TNT was depressed
to almost half that of the control rats during the first week, most
likely reflecting an aversion to the new diet. The food consumption

by these high-dose groups began to improve markedly during the second
week as the animals adapted, but it never matched the control rates.
Statistical analysis of the data in Tables 11 and 12 indicates that
food intake at the highest dose level (0.25%) for males and females
was significantly low during almost every week of treatment. Similarly,I food consumption for both sexes given 0.05% TNT was slightly lower
than that of controls during the first week of treatment and occasionally
thereafter. The food intake for all male treatment groups during
Week 13 was cited as being significantly low, but this may be due to
the unusually high rate of intake for controls during this week. Food
intake for males on the 0.002% dose level was also low during Week 8;
the reason for this is not known, but it is a singular occurrence
and almost certainly cannot be due to the treatment.

The food consumption data in Tables 73 and 74 are expressed in
terms of mean body weight. The results parallel those obtained when
food consumption was calculated on a per animal basis (Tables 71 and
72) except on Week 9, where female food consumption (g/kg/day) at the
0.25% dose level is slightly higher than that of controls. Statistical
analysis of these data again indicates that during the first week, males
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7 and females at the two highest doses consumed their food at significantly
lower rates than controls did. Thereafter, only males at the high dose

did so with consistency.

Food consumption data for rats that underwent treatment and subse-
quent recovery appear in Tables 75 through 78. There are no statistical
citations during the recovery period and food intake. rates are now
comparable for all groups. When the data are expressed on a body weight
basis (Tables 79 through 82), it is Immediately apparent that bothLf
sexes at the high dose consumed their food at higher rates than the
corresponding control groups did. These rate increases were statistically
significant on occasion during the recovery period (Tables 79 and 80).
The increases coincide with the earlier observation of a great increase
in net body weight gain during the first week of recovery in the high-
dose groups.

Tables 83 and 84 present the calculated dose of TNT ingested by
the rats at each treatment level during the treatment period.

Organ Weights

Tables 85 and 86 prese~nt the organ weights and weight ratios for ElU
rats killed after 4 weeks of TNT treatment. In the males given 0.25%
TNT (Table 85), spleen weights and weight ratios were significantly
high and testes weight and weight ratios were significantly low (both f
p < 0.01). The severity of the changes is reflected in the ratio test
on the table, which indicates that the confidence interval for the

means is more than 50% different front control means. Livers of high-
dose males were also significantly heavier than control livers; the
liver weight ratios were significantly elevated but not to the degree
of the spleen weight ratios.

Females given the high dose of TNT (Table 86) also had larger
spleens than controls (p < 0.01, D in the ratio test), and the liver-
to-body weight ratio was high (p < 0.01, A in the ratio test). Other

(brain-to-body weight significantly so), but not much significance is

attached to this because the difrneis small and because they
probably reflect the low body weights of this group at sacrifice
compared with controls.

At the lower treatment levels, occasional deviations from control
values were detected. Those that are indicated on the tables as
significant are body weight ratios only, but none are abnormal. Micro-
scopic examination of tissues from organs of the animals treated atff
the 0.05% TNT level did not reveal any lesions that could be attributed U

to the treatment and thus support any other conclusion.
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As Table 87 shows, males sacrificed after 13 weeks of treatment
with 0.25 or 0.05% TNT also had enlarged spleens; moreover, the testes
of the rats at the 0.25% TNT level were small. All other organ-to-body
weight ratios were high and most were significantly so, except for
kidneys. Kidney weights, like body weights, were low for this group

* (p < 0.05), and the kidney-to-brain weight and heart-to-brain weight
means were also low on the basis of the ratio test (A indicator).

Table 88 indicates that females treated for 13 weeks at the 0.25%
level, like the males, had significantly enlarged spleens (p < 0.01) and
high organ-to-body weight ratios; the kidneys again were an exception,
tending to be lower in weight (but not to the same degree as males;
no statistical citations). Deviations from control values were
occasionally seen in some parameters at the lower dose levels, but
none had any apparent toxicological significance. Spleen weights and
spleen-to-brain weight ratios at the 0.002% TNT level indicated as
being significantly high (p < 0.05) were not outside the normal range
(see, e.g., other organ weight tables for TNT females to follow).

Tables 89 and 90 present the organ weights and weight ratios for

the rats allowed to recover for 4 weeks after 4 weeks of treatment.
The testes of males given the high dose remained low relative to control
means (p < 0.05). However, the C in the ratio test in Table 89, in
contrast to the D in Table 85 (4 weeks of continuous treatment with
no recovery), indicates that a slight increase in testes size may

j. L have occurred. Liver weights and weights of male rats given 0.002, 0.05,
and 0.25% TNT were also significantly low, but this probably reflects
the somewhat heavier livers of this particular group of control males
rather than a toxic effect persisting through the recovery period.
Other deviations from control values noted in these recovery groups
formed no consistent pattern that could be related definitely to the
treatment.

Tables 91 and 92 present the data on organ weights and weight
ratios for males and females after 13 weeks of treatment and 4 weeks
of recovery. At the 0.25% TNT level, both males and females exhibited
a number of deviations from control values. Testicular atrophy wasS i• still pronounced among males at this level, to about the same extent

as in the males killed at 8 weeks. Kidney weights and kidney-to-brain
weight ratios were also significantly low for males at this level (but
not for females). Females had notably enlarged livers and spleens.
The liver-to-brain weight ratios for these females would also be
statistically significant were it not for the high brain weights of
these animals. Many organ-to-body weight ratios were high for both
sexes that received 0.25% TNT, which resulted from the inability of
the animals to recover their body weight completely within the recovery
period. Parameters at the lower treatment levels indicated statis-
tically appear to be of no toxicological significance.
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In summary, males or females subjected to either 4 or 13 weeks of
continuous treatment with 0.25% TNT exhibited enlarged spleens or
testicular atrophy. Livers, and possibly kidneys and heart, also
appeared to have been affected, but detection of such alterations may
depend on the length of treatment, sample size, or sex. When allowad
a 4-week recovery period, the high-dose males still exhibited testi-
cular atrophy regardless of the length of the treatment period. For
animals treated for 13 weeks, liver and spleen, and possibly kidneys,
may have remained different from control values, indicating that a (
4-week period may not suffice for recovery in this case.

Hematology*

Tables 93 and 94 show hematological values for rats killed after
4 weeks of treatment with TNT. Although not indicated statistically,
a number of parameters at this level were different from control
values--the low RBC, Hgb, and Hct and the high MCV in males and females
are notable. These data indicate that males and females that received
0.25% TNT in the diet may have experienced a mild anemia. RBC, Hgb,
Hct, and MCV values for males at the lower TNT levels were not outside
the normal range for rats of this age. The leukocytosis among males U
at the high-dose level, although not statistically significant, was

noteworthy.

Tables 95 and 96 present the hematology data on rats killed after 4.
13 weeks of treatment. The increases in RBC, Hgb, and Hct values in
controls over those of rats sacrificed after 4 weeks reflect normal
changes expected with maturation of the animals. Among males and
females at the 0.25% TNT levels, RBC, Hgb, Hct, and MCHC were low,
and MCV, MCH, and WBC were high. Several of these parameters were cited
statistically. Moreover, a marked lymphocytosis was apparent at this
level. Some parameters, especially the RBC, Hgb, and/or Hct, were
significantly lower than control values at the 0.05% TNT level for
both sexes and at the 0.01% level for females. As mentioned in the
preceding section, the weights were high in males in the 0.05% group
but not in the females, and the Hgb and Het were proportionately lower
in the males. These observations may be attributable to increased
phagocytosis of hemolyzed erythrocytes in the spleens of males at the
0.05% level that was not detected in the females. This may be a
matter of degree related to the particular groups and not to the sex
of the animals. Differences in other parameters noted, such as the
low WBC of females at the 0.01% TNT level, are most likely due to
normal variations from group to group and not to treatment.

* Reticulocytes were not measured in the rat study.
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The hematological values for animals after 4 weeks of treatment
and 4 weeks of recovery are listed in Tables 97 and 98. The anemia
evident at 4 weeks in the high-dose groups was absent. Females at

* the 0.25% TNT level showed a statistically significant elevation in
some of the values (Hgb, Hct, and MCH). These increases were not
observed in females at this level after 13 weeks of treatment and
4 weeks of recovery (see below), nor in males at the 8-week sacrifice.
These changes may represent some type of overcompensation for the TNT-
induced hemolytic anemia that was apparent only in these particular
recovery groups.

Tables 99 and 100 record the hematological values of rats after
13 weeks of treatment and 4 weeks of recovery. At the 0.25% TNT
level, in addition to Hgb, Hct, and MCH, MCV was elevated significantly
and MCdC was decreased significantly in the males. Except for calcu-
lated mean corpuscular values, the opposite--if any--trend was observed
in females at the 0.25% level. Whereas rats on treatment after
13 weeks had lymphocytosis, the males that continued on study but were
allowed 4 weeks of recovery had a slight granulocytosis. High bazid
counts for the female controls is responsible for the citations in
the r-test for treatment groups. At the lower TNT levels, no statistically
significant changes are noted, although trends are evident in some of
the parameters cited above at the 0.05% TNT level, particularly in
"males (Table C-8).

Clinical Chemistry

Tables 101 and 102 present the clinical chemistry results on rats
* killed after 4 weeks of treatment. At the high TNT dose, only choles-

terol was significantly altered in both sexes. BUN was high and
chloride Ion concentration was low in males. In females, the electro-

* lyte balance was low, based mainly on changes in Na+ concentrations,
and this was also evident at the 0.01% and 0.05% levels. Total protein

*• due to elevated globulin was high in females, based on the t-test.
Several other values (e.g., female creatinine, bilirubin--a sharp
increase at the 0.25% level--and SGPT values) were altered in the ratio
test, but none of these was considered to be outside the normal range.) A/G ratios varied greatly when the treatment groups were contrasted

* with controls; the same was true of values for LDH, SGOT (in females
because of two high control values resulting from hemolyzed samples),
and uric acid, contributing in part to citations in the ratio test
or uncalculable statistics in this test. Despite the high variability
in these test results, the treatment did not appear to have significant

* effects on these parameters. Thus, at 4 weeks the most prominent and
consistent biochemical alteration observed was in cholesterol levels.

Tables 103 and 104 present the clinical chemistry data on the rats
killed after 13 weeks. At the high dose of TNT, cholesterol and uric
acid were significantly elevated in both sexes, glucose was signifi-
cantly lower in both sexes, and SGPT was significantly decreased in
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males. The cholesterol value for females was clearly outside the
normal range (Table B-10); the others were not. SGPT for females at V
this level was not cited because of the high degree of variance in
control values (which also resulted in uncalculable r-tests for treat-
ment groups), but both this mean and that for males are probably low
because of the treatment. Glucose was also low in males at the 0.05X
level, whereas females that received the 0.002% and 0.01% levels
appeared to be affected. Since the variation had no consistent pattern,
especially among female groups, and since the values were not outside
the nurmal range for either males or females in our experience (Tables
B-9 and B-10), we attributed these results to normal variations due
to small group size rather than to the treatment.

Similarly, alkaline phosphatase activity and creatinine levels
of males that received the high TNT dose, although significantly
different, were not outside the range of other control values in these
and the tables that follow. The markedly low iron levels in males
at the 0.01, 0.05, and 0.25% TNT levels may have been treatment-related,
however. Again, the high variability in the A/G ratio makes inter-
pretation of this ratio difficult for these rats killed after 13 weeks.
Several other parameters were indicated in the ratio test at different
treatment levels, but the means invariably fell within the normal
range (Tables B-9 and B-10).

Tables 105 and 106 give the clinical chemistry data on the rats
treated for 4 weeks and allowed to recover for 4 weeks. The only L
statistically significant finding was the low triglyceride levels of
males that were treated at the 0.002, 0.05, and 0.25% TNT levels. but
this can be explained by the abnormally high triglyceride mean for
control males--obviously an erroneous test result. No parameter
indicated statistically was outside the ncrmal range that we have
compiled for this species.

The same observation essentially applies to analysis of the data
from the 17-week sacrifice, presented in Tables 107 and 108, although
the triglyceride level is now much lower for the male controls.
(Peninsula Medical did not report uric acid and, at the highest two
doses, triglyceride determinations on these samples.) In addition,
the A/G ratios and globulin and albumin determinations were inconsistent,
a problem we cannot explain. Consequently, we must discount those
data. Electrolyte balances in males and females and CO2 content in
females differed significantly from control values at the three highest
treatment levels, but the values were not outside the normal ranges.

Cholesterol values at the high dose and SGPT activity were normalin both recovery groups. Thus, the effect of treatment on these.

parameters was reversible when rats were removed from the TNT regimen.
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Histopathology

Tables 109 through 112 summarize the microscopic lesions found
in rats treated with TNT for 4 and 13 weeks. Slides of tissues from
rats that received the 0.002 and 0.01% TNT levels were prepared but.. not read because no dose-related responses were apparent at the 0.05%
level. After 4 weeks of treatment, all five males at the 0.25% level
and one of five males at the 0.05% level had testicular atrophy, and
hyperplasia of the interstitial cells was observed in all males at the
high dose. All males and females at the 0.25% TNT level had hemo-
siderosis of the spleen; one of the five females at the 0.05% level
also had this lesion. Many rats, male and female, had signs of chronic
respiratory disease. Since these signs appeared in the lungs of
controls with almost the same frequency as in the lungs of treated
rats, we could not unequivocally attribute them to the treatment. In
females, the incidence of alveolar collapse and dilation was highest
at the 0.25% TNT level and was absent in controls. This observation
is common in the rats at other sacrifices. It may be that the treat-
ment, however, is increasing the susceptibility of these animals to
disease. Parasites were found in the colons of 3 of 10 rats at the
0.25% TNT level. Although they were found in only one other rat in

1 this study, this finding may also result from the stress of treatment.
Hepatomegaly was noted earlier in rats at the 0.25% TNT level; no
microscopic lesions associated with this effect were observed.

[ After 13 weeks of treatment, the most notable findings were
hemosiderosis in the spleens of all high-dose males and females and
testicular atrophy accompanied by hyperplasia of the interstitial
cells and atrophy of the epididymis in all the high-dose males. The
incidence of the lesions was greater than in any other group, so these
findings are considered to be treatment-related. Because signs of
respiratory illness were observed in rats from all groups, this finding
is not obviously dose-related. Several other microscopic lesions were
found at the 4- and 13-week sacrifices, but by their nature and
frequency, they were not attributable to the treatment. However, at
the 13-week sacrifices, the appearance of vacuolated cclls in the
adrenals and of nephrosis in the kidneys of three of five male rats
at the 0.05% TNT level was noteworthy.

Tables 113 through 116 summarize the microscopic lesions found
in the tissues of rats killed after a 4-week recovery period. After
4 weeks each of treatment and recovery, the only clearly treatment-
related findings were testicular atrophy accompanied by hyperplasia
of the interstitial cells at the 0.25% TNT level in all five males and
hemosiderosis of the spleens in four of the five females. One of five
males at that level also had hemosiderosis of the spleen. All the
rats at this sacrifice had detectable evidence of chronic respiratory
disease. The increased incidence of alveolar dilation noted in the

* lungs of both males and females as t.,, dose level increased may be
treatment-related, but the complications imposed by the presence of

* _respiratory disease in all rats makes this difficult to establish.
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At the 0.05% TNT level, three of the five males had regenerative

lesions associated with the kidneys, but these lesions did not occur
in other groups in a dose-related manner. other lesions noted in
these tissues appeared to be singular and not obviously related to
the treatment.

After 13 weeks of treatment and 4 weeks of recovery, rats at both
the 0.05 and 0.25% (except for females) TNT levels had an increased
incidence of hemosiderosis compared with controls, which may be related
to the treatment. The testicular atrophy (accompanied by atrophy of
the epididymis in all the males at the highest dose and in one at the
next highest dose) was, as in the earlier sacrifices, treatment-related.
Occasionally other lesions occurred in tissues from these groups, but
their nature and incidence did not suggest that they were treatment-
related. A high incidence of chronic respiratory disease among the
rats at the sacrifice was again noted.

In summary, the most prevalent microscopic findings that were
clearly attributable to the treatment were hemosiderosis of the spleen
and testicular atrophy, with accompanying infiltration of the inter-
stitial cells and aplasia of the epididymis. These effects were still

apparent in the rats allowed 4 weeks of recovery. i
Studies in Mice±

Observations

Mice were treated with 0.001, 0.005, 0.025, or 0.125% TNT in the
daily diet.

As with the rats, the urine of the mice became red early in the
treatment: the color appeared on Day 4 for mice receiving 0.125%
TNT and on Day 6 for mice at the 0.025% treatment level. The color
disappeared from the urine of all 4-week-treated mice 10 days after
discontinuation of treatment and from the urine of the 13-week-treated
mice 8 days after termination of treatment. In several groups of
males, a high percentage had rough coats and raw skin that developed
scabs at various periods during the study due to fighting. A few
animals adopted a hunched posture for short times (of no more than a
week). No pattern to these symptoms was obvious; males in the control
groups were as likely to exhibit them as those in other groups. Apart
from the red urine, female groups failed to exhibit similar toxic
signs. However, control females and females in the 13-week sacrifice
group had rough coats from Weeks 9 through 11 of the study.

Premature deaths in the groups were as follows: one male each at
the 0.005, 0.025, and 0.125% TNT levels during Week 2, another from
the 0.025% level during Week 6, and one more from the 0.005% level
during Week 13. Among females, one control died during Week 8. The
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deaths occurred during the nights, so no tissues could be jalvaged.
r Y For a 90--day study, this attrition rate is not unusual, as indicated

by our past experience with mice.

'.2~j~ od ~ ts

Tables 117 an.l 118 present the mean body weights of mice treated
with TNT for Ž3 weeko. In males ar the 0.025 and 0.125% treatment
levels, b'dy weights were lower during -he first week (significantly
so at tOe high level., p < 0.05) but recovered to levels of control
males by thq second and thirl week, respectively. Females receiving
0.025 and 0.125% TNT experianced similar changes in body weight, with
recovery complete by Weeks 2 and 6, respectively. As did the rats,
the m4 ce exhibited a temporary aversion to the diet at the highest
doses (see next section). After 13 weeks of treatment, the body
weights of bolh males and females at these levels still tended to be
lower than those of other groups, except as noted below. However,
these differences are mainly attributable to the relative differences
in the weights of the subpopulations of rats remaining on treatment
after Week 4.

The control females had an abnormally low growth pattern during
this study. Food intake for these mice was low at the beginning
relative to that of other female groups and remained low throughout
the study. Possibly an aversion to the food or difficulty in finding
their food contributed to the low growth rate, for we could find no

reasons for this effect from gross observations of the animals.
Comparison of the growth patterns for TNT-treated females and for
Swiss-Webster mice used in other subacute studies reveals that,
although trends toward lower boCy weight exist at the highest dose
levels, all are within the normal growth range. We consider that
0.125% is the only possible level at which TNT might have had an effect
on female body weights, but not a statistically significant one.

'rables 11.9 and 120 give weight gain per week for the mice treated
for 13 weeks. The data confirm the preceding observations and also
show that many groups apparently lost weight, most notably during
Weeks 9, 12, and 13. Such changeL do occur in essentially physically
mature mice, and fluct.uations of this degree from week to week are to
be expected. In contrast to control rats, which doubled or more than
tripled in body vaight over the 13-week period, the weights of the
mice increased by only a factor of 1.5 to 2.0. Correspondintgly, les.1
sensitivity was obtained in measuring mouse weights, and week-to-week
fluctuation in w-ight was more apparent in mice than in rits. In
addition, fe.ver r-tests could be performed with the weight gain data
on mice compared with mean body weights (Tables 117 and 118), and the
statistical indicators in the Bartlett chi-square columns in the
weight gain tables were more numerous.
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Tables 121 through 128 present the body weights and weight
increases of mice treated for 4 or 13 weeks and then allowed to recover
for 4 weeks. Corresponding to the conclusions reached above, no surgea
in the body weight gain of recovery animals occurred during Weeks 5
or 14 at the 0.125% or other level of TNT (Tables 125 ard 126). tK
Therefore, if TNT had an effect on mice at this level, it clearly was
not pronounced (Tables 121 and 122). The loss in body weight of mice
during Weeks 12 and 13 does not represent a deterioration of the health
of the animals, since they showed a weight gain on Week 14 or 15;
the data reflect the normal weekly variations in body weights of
mature mice. Even subgroups of mice within a group (mice of the same
group in different cages) grew at fairly different rates--for example,
the 8--week (4 of treatment and 4 of recovery) sacrifice males at the
0.001% atnd 0.005% TNT levels (Table 121) and the full groups (Table 117).

Food Consumption

Tables 129 and 130 give the food intake data on mice that under-
went 13 weeks of treatment with TNT. In Week 1, both sexes at the
0.025 and 0.125% TNT levels had lower food consumption rates than
did controls. The mice at the 0.025% level had either recovered to -

or surpassed the normal rate by Week 2 and those at the 0.125% TNTL
level had resumed normal intake by Week 3. As with the dogs and rats,
these effects were attributable to the initial aversion of the mice
to the TNT diet. After Week 4, food intake by mice at the 0.025%
level was lower because of the smaller size of the animals continuing
on treatmeu~t. A slightly low intake rate was also observed for females
all the highest two dose levels relative to other treatment groups, but

the difference was not significan,-:. Control females that grew poorly
also ate poorly compared with other female groups.

Food intake data (g/animal/day) for the mice allowed 4 weeks of
recovery are in Tables 131 through 134. Without exception, the mice
at the 0.1.25% TNT level slightly Increased their food consumption

during the first week after removal from treatment. Although none of

these changes are cited statistically, it would seem highly coincidental

recovery mechanisms. When taken together with the lower body weights
of mice at this treatment level, this finding suggests that 0.125%
TNT probably continued to suppress body weights after the mice had
adjusted to the diet, despite the lack of statistical significance
In comparisons of mean body weights or food intake rates.

Food consumption data (g/kg of body weight/day) on mice treated
for 13 weeks with or without a 4-week recovery period appear in 1
Tables 135 through 140. No statistically significant differences are

cited during the treatment period in any treated group (Tables 135
and 136). Occasionally, citations are recorded in recovery groups
(Tables 137 through 140), but the group sizes are too small for the[
analysi~s to be meaningful.
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Tables 141 and 142 present thedose levels of TNT consnt'ed by the
mice weekly during the treatment, period.

Organ Weight

Tables 143 and 144 present the organ weights atnd weight ratios
for mice killed after 4 weeks of treatment. Values indicated statis--
tically as altered in males at the 0.001% TNT level were well within
the normal range and reflected intergroup variation rather than a
toxic response. The heart-to-body weight ratios of the male treatment
groups were low bezause of the high ratio for male controls and not
because of treatment. Although females at the 0.001 and 0.005% TNT
levels had significantly different brain-to-body weight ratios, no
trend was apparent from the data. Similarly, all other values in
these tables cited in either the t- or r-tests were likely due to
intergroup variations because of the small number of animals in each
group. The only treatment-related effect was the enlarged spleens in
the males given 0.125% TNT, which resulted in a significantly high
spleen-to-body weight ratio.

Table 145 shows that after 13 weeks of TNT treatment, the hearts
of males at the 0.001, 0.005, and 0.125% TNT levels were larger than
those of controls, leading to significantly greater heart-to-brain
ratios in two of those groups. Statistical analysis of the data on
females shown in Table 146 revealed a number of changes. Spleen
weights at the 0.001 and 0.125% TNT levels were slightly high, but
these and all other parameters were within normal ranges for these
values (Tables B-lI and B-12). These statistical citations unquestion-
ably arose from the low body weights of the control females in the
13-week sacrifice group. Although a clear dose response is absent
for spleen weights at the lower doses, the enlargement in females at

a. the high-dose level may result from the treatment, since this group
almost invariably had the largest spleen weights of any at any sacrifice.

Tables 147 and 148 demonstrate that the data on organ weights for
males and females after 4 weeks cf treatment and 4 of recovery were
unremarkable. The high liver weights and liver-to-brain weight ratios
for females at the 0.005% TNT level after 4 weeks of treatment with
recovery (Table 148) or .;ithout recovery (Tables 144) were attributable
to the greater bcdy weights of these mice and not to the treatment.
Any significantly different liver-to-body or -brain weight ratios in
any of the 4-week recovery groups were well within the normal
range established in this and other subacute studies with mice.

Tables 149 and 150 show that after 13 weeks of treatment with
0.125% TNT and 4 weeks of recovery, the mice had enlarged spleens and
high spleen-to-brain ,qeight ratios; the females also had high spleen-
to-body weight ratios. Hemosiderosis of the spleen was observed in
these mice (see Histopathology Section), so the enlargement of spleens
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was probably treatment-related. In addition, the livers cf male mice
at the 0.125% TNT level were larger and the liver-to-brain weight ratios
were increased significantly, in contrast to these values for mice at
the earlier sacrifices. Two of the five mice killed at this level
had necrotic tissues in this organ (Histopathology, Section). Thus,
this effect on livers may also be treatment-related. In analyzing
the data on females, the controls for which had low body weights at
sacrifice, we emphasized how weights and calculated ratios compared
with those of normal female mice or of other treated females to detect
any trends that would indicate which parreters, if any, were awry.
Therefore, the high liver weight and high iiver-to-body weight and
spleen-to-brain weight ratios fourd in female mice at the 0.005% TNT
level may not be treatment-related. The liver-to-body and -brain
weight ratios for females at the 0.125% TNT level are also not abnormally
high.

Hematology

Tables 151 and 152 present the hematology data on mice killed after
4 weeks of treatment with TNT. Whereas statistical tests revealed
few significant differences from control values, RBC, Hgb, and Hct
were lower and MCV, MCH, and MCHC were increased in mice at the 0.125%
TNT level, particularly in the males. The only other notable finding
was the increase in % PMN and decrease in % lymphocyte counts in both
sexes at this level. &

Tables 153 and 154 give the hematology data on mice killed 9 weeks
later. These groups showed little evidence of a continuing anemic
condition. RBC and Hct for males at the 0.125% TNT level were slightly
low, and MCH and MCHC were slightly high but not significantly so.
The females at that level showed no anemic pattern. The increase in
% PMN and decrease in % lymphocytes were most pronounced for males
at the 0.125% level.

Tables 155 and 156 provide the hematology findings on mice treated
for 4 weeks and allowed to recover for 4 weeks. Only hematocrits in
males at the highest two dose levels were low, but the values were
within the Lormal range (Table B-11). No signs of anemia or of any
other abnormality were apparent in treated mice. WBC in females at
the 0.125% TNT level was higher than that of other groups, but it
was not significantly so.

'Fables 157 and 158 show that the findings in mice killed after
13 weeks of treatment and 4 weeks of recovery were equally unremarkable.
MCHC in males at the 0.025% TNT level was significantly high but was
within normal limits, and PMN and lymphocyte were altered. There was
a lack of a clearly defined anemia at the 0.125% TNT level despite
the hemosiderosis found in the spleens of these mice (next section).
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His topa~thology

Tables 159 through 162 summarize the microscopic findings on mice
that were treated with TNT for up to 13 weeks with no recovery. After
4 weeks, no treatment-related effects were observed in any groups
(tissues from all treated groups were read at this sacrifice); the
only possible exception was the detection of hemosiderosis in the
spleen of one of five females at the 0.125% TNT level. The incidence
of respiratory disease and lesions was less in the mice than in the
rats, and their occurrence in the different groups did not indicate
that they were treatment-related.A

After 13 weeks of treatment, hemosiderosis of the spleen was

observed in three of the five males and In all five females at the
high dose level, but in no others. This effect was clearly treatment-
related. Lung lesions were also more extensive in these groups, but
no treatment-related pattern was evident. Other lesions occurred
sporadically, particularly at the high dose among females, but their
incidence was too infrequent to attribute them unequivocally to the
treatment. Paravascular lymphocyte deposits in the kidneys were
observed in several mice, including controls, but in a manner that was

L most likely not related to the treatment.

Tables 163 through 166 summarize the microscopic lesions found in
the recovery animals. In the mice killed after 4 weeks of treatment
and 4 weeks of recovery (Tables 163 and 164), no lesion occurred with
a frequency and distribution among the groups that indicated a relation-
ship to treatment.

T- In mice killed 4 weeks after the 13-week treatment, several lesions
were noted. Hemosiderosis of the spleen in four of the five males

V and in all five females at the 0.125% TNT level and in one of five
males and in four of five females at the 0.025% TNT level was probably

i related to the treatment. Two control females also exhibited hemo-

siderosis of the spleen.

f" The increased incidence of paravascular lymphocytes in the kidneys,
livers, and adrenals of treated mice and the slight hemorrhaging
evident in the lymph nodes of one of these mice may be treatment-related,
but a clear dose relationship was not established. The occurrence
of necrosis of the livers in two of five males correlates with the
increased liver weights observed in males at the 0.125% TNT level at
this sacrifice (Table 149). The effects on the uteri of treated
females, although few, may also be treatment-related.
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DISCUSSION AND CONCLUSIONS i
Studies in Doj~s

Five male and five female beagles were treated with TNT at 0.20, 2.0,
or 20 mg/kg/day by capsule continuously for up to 90 days. One dog of
each sex was killed after 4 weeks of treatment and a second male and
female were held for 4 weeks of recovery without further treatment. After
13 weeks of treatment, all surviving males and females were killed except
for one male and one female, which were held for 4 weeks of recovery.

At 0.20 mg/kg/day, TNT caused no detectable effects on either male
or female dogs in any of the parameters measured, and the histopathological
examination revealed no abnormalities. We conclude that 0.20 mg of
TNT/kg/day is a "no-effect" level.

At the 2.0 mg/kg/day level, a depression of body weight in one of the
five females was observed during the 4-week treatment period. The concen-t
tration of serum iron was also temporarily lowered in dogs dosed at this
level. Both of these effects may be treatment-related (linear trend
analysis of serum iron indicates a dose response: Table C-l). In the
dogs treated with TNT at 2.0 mg/kg/day for 13 weeks and allowed 4 weeks
of recovery, focal lymphocyte deposition in the kidneys was observed in
the female, and the male had enlarged kidneys--a condition noted occasionally
in dogs not allowed recovery. These observations may also be due to the
treatment, but this cannot be established conclusively because a dose
relationship was absent (no similar observations in the high-dose male
and female) and the observations were made on recovery animals and were U
absent in animals treated for the same 4-week period. However, recognizing

that the responses of a mammalian population to exposure of TNT vary
considerably, we believe that these effects at the 2.0 mg/kg/day level
are probably related to the treatment.

At the 20-mg/kg/day level, TNT suppressed body weight and food intake
temporarily and possibly body weight after prolonged administration.
Other effects of treatment noted were increased liver, spleen, and
possibly adrenal weights; a mild to moderate normocytic anemia characterized
by low RBC, Hgb, Hct, and MCHC and increased MCV; a decrease in PMN (and
therefore in the PMN-to-lymphocyte ratio calculated from this); increased
cholesterol and bilirubin and decreased SGPT and iron; amber to red urine;
and neurological symptoms (primarily inactivity and occasional nystagmus)
as the treatment progressed. Other effects that may be treatment-related
were the enlarged kidneys and smaller hearts of males after more than
11 weeks of treatment, but these findings included one male that was
moribund and was killed early. Nevertheless, the 20-mg/kg/day level of
TNT is clearly an effect level.

The condition of three of four dogs placed on recovery after receiving
20 mg TNT per kg daily deteriorated. Their body weights decreased pro-
gressively during the! recovery period almost up to the time of sacrifice.
After 4 weeks of treatment and 4 weeks of recovery, the male dog had
leukopenia and was visibly ill. However, it had roundworms in its stools,I • so whether its illness derived from the parasite or from a delayed toxic
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response to TNT is not clear. The female had an enlarged spleen. In the
male and female killed at 17 weeks (13 of treatment and 4 of recovery),, the body weights had been decreasing, WBC had been increasing, and the
anemia (male only) persisted. Some hematological parameters were altered,L but in an opposite manner to observations on dogs killed after 13 weeks
of treatment, e.g., the high percentage of PMN and low percentage of
lymphocytes for both male and female. Lymphocytes seen in the liver of
the male may be related to this observation and indicate a reaction of the

* immune system to TNT or a metabolite. Hemosiderosis was noted in the
spleen of the female. Thus, a 4-week recovery period does not appear to
be sufficient to completely reverse the toxicity of TNT to dogs; in
addition, it is possible that a delayed onset of toxicity carried over
into the recovery period for dogs treated at the 20-mg/kg/day level. A
6-month chronic study in dogs is now planned, and it may resolve some of
these questions.

Results of past studies on Lhe repeated oral administration of TNT to
dogs have been summarized by Dacre and Rosenblatt. 2? The characteristic
course of toxicity seems to involve an initial and rapid destruction of
RBC in the peripheral circulation (hemolytic type _-emia), caused probably

I by methemoglobinemia and progressing to an aplastic anemia in the more
severe cases. RBC, Hgb, and total blood volume were lowered and reticu-
locytes and anisocytosis appeared. Increased phagocytosis of the hemolyzed
cells and breakdown products occurs in spleen, liver, and bone marrow.

The susceptibility of individual dogs to TNT was an important factor. 2 4

Some dogs given large doses did not show the toxic symptoms of others
receiving doses as much as 2 or 4 times smalier.

Other effects were neurological (ataxia, asynergia, marked incoordi-
T nation, ocLasional nystagmus). At 100 mg TNT/kg, dogs displayed marked

weakness and paresis of the hindquarters and irritation of the gastro-
intestinal tract (vomiting; salivation; icterus of mucous membranes of
the mouth, which developed an ashen or lilac color with time; inflammation
in the small intestine, elevated bile levels in the blood and in urine;
diarrhea; and dark urine). In a study with females administered 50 mg
TNT/kg/day for 12 weeks, 25 premature deaths occurred and inflamed
intestines, dark spleens, hemosiderosis in the liver, bone marrow, and

lnand hyperplastic bone marrow were found at sacrifice of those
surviving the treatment. 2 5 Kleiner 2 6 - 2 8 has found evidence of early
gastric secretory disorder and an effect on pancreatic enzymes with long-
term TNT treatment of dogs. Repeated administration of TNT orally to
dogs and monkeys at 1.0 mg/kg daily (or lower) failed to produce

toxicological signs in the animals. 2 9 , 3 0

In this study, we verified several effects reported by these earlier
investigators, although we did not observe the same degree of severity,
and made several new findings. Among those verified were the early
appearance of a pronounced anemia, evidence of adaptation to it as the
study progressed, and reversibility--even overcompensation--of the
condition when dogs were placed on recovery. Other toxic symptoms were

inactivity, occasional nystagmus, decreased iron, increased serum bilirubin, A

hemosiderosis of the spleen, and liver lesion3 caused indirectly by the

'4 • 55
E)

/-



hemolysis and disruption of the hematopoiet!c system, and peripheral
blood destruction with phagocytosis in these organs. We also observed
increased cholesterol in sera, which correlates with tLi increased level
of bile acid reported in an earlier study and resulting from impairment
of cholesterol metabolism in the liver.3,

The dog killed ahead of schedule during Week 12 of treatment had
evidence of bone marrow hyperplasia and extramedullary hematopoiesis.
Considering the high percentage of lymphocytes, low RBC, and related
alterations, this dog may have been suffering from an aplastic anemia
even in the presence of hyperplasia of the bone marrow. These kinds of
effects were reported in earlier studies, but they were more precisely
quantitated here as to the dose level producing them.

Some effects that were either not reported earlier or not quantitated
sufficiently well were: the temporary depression of body weight and food
intake; the enlargement of the liver, spleen, and possibly adrenals; the
alterations in blood differentials (decreased PMN cells and increased
lymphocytes in treated animals, except for the dog killed early, and the
opposite in recovery animals); and the alterations in clinical chemistry
(in addition to the above, the decrease in SGPT activity). SGPT apparently
was not measured in earlier studies, and it may not have been measured
in humans because no effect has been reported. However, SGOT has been[
found to be elevated in humans after repeated exposure to TNT--in direct
contrast to what we observed in the dog. 2 0' 3 3 Presumably both the
increase in SGOT in humans and the decrease in SGPT in dogs stems from an
effect of TNT on the same organ, the liver, since in humans liver jaundice
is a well known manifestation of TNT toxicity. This difference in the
response of these two parameters to TNT requires further investigation.
A possible explanation may be that the toxic responses of TNT in the
species do not perfectly overlap and that the dog is not completely
representative of the manifestations of TNT toxicity in man. A mechanistic
interpretation of the effect of TNT on SGPT is offered in the following I
section.

Studies in Rats

Twenty male and 20 female Sprague-Dawley rats were fed 0.002, 0.010,
0.050, or 0.25% TNT by weight in their diets for up to 90 days. Five rats
of each sex from each group were killed at 4 and 13 weeks plus and minus
a 4-week recovery period.

At the 0.002% TNT level, the treatment had no detectable effects on
any parameter assessed. H.Itopathological examination of tissues at the
0.05% TNT level failed to reveal any pathological lesions (in contrast to
the 0.25% level), so no dose relationship could be established for any
lesions observed in tissues from animals at the lower doses, and hence any
observed effects could not be treatment-related. Therefore, we conclude
that the 0.002% TNT level in the diet constitutes a true "no-effect"
level in the rat.

At the 0.01% TNT level, the few findings were almost totally confined
to rats treated for longer than 4 weeks. The urine of these rats was

, Ired after 50 days, suggesting that the effect of TNT is cumulative. The
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red urine indicates the presence of a TNT metabolite and is not necessarily
a sign of toxicity. However, after 13 weeks of treatment, blood iron of
male rats was significantly low and females evidenced a slight anemia.
These observationL may be treatment-related, as may be the increase in
spleen weLghts of males at Week 4 (not significantly elevated), since
l'near trend analysis of the data confirms that a dose relationship to
treatment exists (Tables C-7, C 0, and C-9).

At the 0.05% TNT level, some clear toxic symptoms emerged. The body
weights and food in-eke of some sacrifice groups were affected, anemia
was ev4*dent in 13-%%.-ek-treated animals, an" serum iron of males was low.
Spleens were enlarged in the males, and the effect was more pronounced at
the 0.25% TNT level; therefore, it is probably dose-related. The hemo-
siderosis in the spleens in rats of both sexes at the 0.05% TNT level and
the increased liver-to-body weight ratios for females that underwent 13
weeks of treatment and 4 weeks of recovery possibly were attributable to
the treatment, since there is an obvious dose relationship to these
responses. All rats excreted red urine beginning after the first 2 or 3
days of testing.

Rats at the 0.25% TNT level displayed numerous effects. The body
weights and food int&ke were depressed in both sexes, spleens were enlarged
(accompanied by hemosiderosis), and testes werc atrophied. Livers were
larger in 4-week-treated rats, and kidneys were smaller after 13 weeks
of treatment (in males and possibly in ftmales). Anemia was increasingly
pronounced after 13 weeks, and leukocytosis characterized by lymphocytosis
was evident at this time. An elevated uric acid level and decreased SGPT
were observed also at 13 weeks, and increased cholesterol was observed at
both sacrifices. Changes in bilirubin were significant only in 4-week females.

The anemia, decreased SGPT, lymphocytosis, and a number of other
alterations appeared to become more pronounced as the treatment progressed.
These observations support the interpretation that the effects of repeated
TNT administration are cumulative. Indeed, the depression in SGPT was
quite pronounced (almost to the same degree as it was in dogs), and since
the effect was only evident after 13 weeks of treatment, we have concluded
that it is probably due either to a metabolite of TNT, to binding of TNT
to liver proteins or lipids, or to both. The basis for this conclusion
is partly the observation that TNT, when added up to 2.0 mM in normal rat
sera, failed to have any inhibitory effect on either SGOT or SGPT. Possibly
the low SGPT associated with TNT treatment may be derived from selective
interference with production of that enzyme in the liver. TNT or metabolites
of TNT are known to be inhibitors of protein synthesis.

The effects of short-term exposure to TNT (up to 4 weeks) appear to
be almost totally reversible. Body weights of rats at the high dose
were still slightly lower (not significantly) than controls and there were
lingering signs of overcompensation to the anemia among females at the
0.25% TNT level (also observed after 13 weeks of treatment, but in males).

Longer exposure to TNT (13 weeks) requires a longer recovery period for
reversibility. Thus, at the 0.05% TNT level, female liver-to-body weight
ratios were altered in an apparently dose-related manner. At the 0,25%

46 •TNT level, the signs of irreversibility up to 4 weeks were clearer. Body
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weights of females remained significantly depressed, they had signs of
anemia, and their spleens and livers were enlarged. Testes (particularly)
and kidney weights of males were lower than those of controls. The data
also indicate the occurrence of slight granulocytosis in the males.

Reports of subacute studies on the effects of TNT on rats in the
"literature are scarce. 2 3 Rabbits, rats, and dogs with chronic TNT
poisoning reportedly had increased urobilinogen in urine, but no change
was observed in serum bilirubin concentration or in osmotic resistance
to red blood cells. Rats given TNT orally at 30 mg/kg daily for 6 days
exhibited progressiveiy decreased phagocytosis. However, these studies
provided virtually no reference for the present work.

Studies in Mice

Mice were treated with 0.001, 0.005, 0.025, or 0.125% TNT in the
daily diet for 4 or 13 weeks with or without 4 weeks of recovery. Five
of each sex were killed at each sacrifice date.

At the lowest two levels, TNT produced no apparent alterations in
any parameter measured. The heart weights and heart-to-brain ratios of i
the males at 13 weeks are not abnormal for mice this size, nor are spleen
weights or spleen-to-brain weight ratios. The spleen weights and spleen-
to-brain weight ratio for females at the 0.001% level form no dose
relationship with those values for females at higher levels; therefore, I
the effect at this level cannot be clearly attributed to the treatment.
Consequently, we have ascribed the 0.005% TNT diet as the highest "no
observable effect" level in this study.

At the 0.025% TNT level, mice showed a temporary decrease in initial
body weight, which recovered by the second week. Food intake rates
changed in parallel, underlying the changes in body weight. The only
other effect clearly attributable to the treatment was the red urine,
which appeared in the first week and continued throughout the treatment.

Hemosiderosis in the spleens of recovery mice at the 17-week sacrifice
may have also been due to the treatment.

At the 0.125% TNT level, several effects were observed. Body weights
and food intake were depressed temporarily, and body weights remained
depressed over the treatment period. Spleens were affected (enlarged) in
some groups with hemosiderosis evident after 13 weeks of the treatment,
and heart-to-brain weights were possibly increased. The mice appeared
to have mild anemia, at least during the first 4 weeks. Mice at this
level frequently exhibited an increase in the I'MN-to-lymphocyte ratio
without a corresponding change in WBC. All the mice had red urine shortly
after starting the treatment; this condition continued until treatment
was terminated.

Mice allowed a 4-week recovery did recover if the treatment was
restricted to 4 weeks. After longer exposures, mice still had enlarged
spleens with hemosiderosis, as well as enlarged livers (with occasional
necrosis) and other possibly related effects. However, body weight
differences and the AL,'mia were reversed.
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No previous subacute studies with TNT in the mouse have been
reported.

Interspecies Comparison of Toxicity

The most common observations among the three species were depressed
body weight and/or body weight gain and reduced food consumption (temporary
with mice), a mild to moderate anemia, and alterations in organ weights,
including enlarged s- tens (accompanied by hemosiderosis) and livers.
In dogs and rats, ir _ased cholesterol (and possibly bilirubin) and
decreased SGPT levels were observed. The changes in these two parameters
implicate the liver as one of the target organs for TNT toxicity.

The anemia produced by TNT ingestion in these three species is a
salient feature and seems to be of the hemolytic type. That is, the
anemia is due to extrinsic causes that bring about destruction of the
cell after it has matured, as opposed to a faulty hemoglobin or cell
synthesis. Usually, the bone marrow was normal to hyperplastic, and some
degree of extramedullary hematopoiesis was occasionally evident. The
red cells were generally normochronic and normocytic. In one case there
was evidence of aplastic anemia (dog A3-39), in which there was not only
a reduced number of erythrocytes, but also a reduced number of granulocytes,
even in the presence of a hyperplastic bone marrow. This latter observa-j tion makes it difficult to speculate on the mechanisms that may be
responsible for the anemic condition.

Some findings not common to the three species were testicular atrophy
in rats (and possibly dogs), lymphocytosis in rats, accompanied by
increased uric acid levels (indicative of increased protein synthesis)

•- and alterations in kidney weights (possibly elevated in dogs, but decreased
4 in rats) and in adrenals (possibly enlarged in dogs). The testicular

atrophy is most pronounced in rats and is a common response of that animal
to exposure to many chemicals; it requires a high TNT level and is not
reversible. No reports on this effect in humans exist at present. The
lymphocytosis in rats only may result from differences ia metabolic rates
in the three species. In addition to the above, the dogs had low serum
iron; this is probably related to the observation that the anemia in
this species was initially the most severe.

Interspecies comparisons of the relative potency of TNT are difficult
to make for two reasons: (1) the doses ingested by one of the test
species were not constant with time, and (2) the effective dose levels
were not the same in the three species. In the case of the rats, the dose
of TNT consumed in their diets was seen to decrease by almost a factor
of 2 from Weeks I and particularly 2 to near the end of the treatment
period, because of the normally lower metabolic activity as the animals
approach maturity (Tables 83 and 84). Both dogs and rats showed slight
effects at doses approximately the same or lower than the lowest dose at
"which no effects were observed in mice (Tables 141 and 142), suggesting
that these species are more susceptible to the treatment than mice.
Symptoms appeared more pronounced in the rat than in mice at all dose
levels at which effects of the treatment were noted, affirming this
conclusion. Dogs and rats, however, cannot be similarly compared, since
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the doses are different at each level. Rats at the highest dose level
ingested more TNT than dogs at the highest dose level, which accounts Ii
for the more severe and extensive effects seen in the rats.

An interesting note, however, is that SGPT is greatly suppressed in
r both species at the highest treatment level. In dogs, the effect is

observed after 4 weeks--earlier than in rats. In addition, the effect
on rats is not observed at the O.05% level, a level roughly comparable
to the high dose administered to dogs. This observation probably
reflects differences in the metabolite concentration responsible for
depressed SGPT with time in the two species, the dog being slightly
more vulnerable as a result.

Water Quality Criteria

One of the main purposes of the present mammalian studies is to
generate data that can be used to establish water quality criteria
for TNT in water effluents. Sufficient data from human exposure and L
on the mammalian toxicity of the chemical are not presently available
for devising meaningful criteria. For purposes of setting interim
standards, the approach proposed by the Environmental Protection Agency L
for nonstochastic effects may be used. 34  The highest "no observable
effect" level for the TNT in the subacute studies is converted into
an Acceptable Daily Intake (ADI) figure for man by dividing by an
uncertainty factor of 1000, used for situations in which human data, V
carcinogenic data, or data from long-term feeding studies are unavailible.

The ADIs for TNT then are 0.2, 1.42* and 7.76t pg/kg/day from the dog, V
rat, and mouse data, respectively.

To calculate a maximum recommended concentration of TNT in water

bodies, the following equation can be used:

C - ADI X 70/(2 + 0.0187R) (1)

where C is the calculated concentration, 70 is an average body weight for
man, R is the bioconcentration factor, 0.0187 is the (assumed) average
weight of fish consumed daily (in kg), and 2 is the (assumed) daily water
consumption (in liters) for an average adult (70 kg weight).

C can be calculated if R is known. The bioconcentration factor
for TNT may be calculated from its estimated oil/water partition
coefficient, using structure-activity relationships and the computer

* From Tables 83 and 84.

t From Tables 141 and 142.
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I. program of Hansch et al. 3 5  This has been done and a log P has been

determined to be 1.7. From the equation of Veith et al., 3 6

log R - 0.76 log P - 0.23, (2)

R is found to be 11.5. Substitution in Equation (1) yields C values
at 6.3, 44.7, and 245 Pg/liter (ppb) from the dog, rat, and mouse data,
respectively. Thus, there is a nearly 40-fold range among the calculated
water concentrations, depending on the species used as a reference.
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Table 19

EFFECTS OF TNT ON FOOD CONSUMPTION (G/ANIMAL/DAY)
OF MALE DOGS DURING 13 WEEKS OF TREATMENT

Dependent Control Treatment Groups
Variable Group 0.2 mg/kg/day 2 mg/kgiday 20 mg/kg/da

Week 1 378.4 (5) 322.3 (5) 339.9 (5) 301.9 (5)

Week 2 380.0 (5) 372.4 (5) 386,9 (5) 327.6 (5)

Week 3 385.8 (5) 362.8 (5) 359.7 (5) 339.4 (5)

Week 4 390.8 (5) 338.5 (5) 393.7 (5) 393.1 (5)

Week 5 391.2 (4) 336.5* (4) 400.0* (4) 353.7* (4)

Week 6 400.0 (4) 356.9* (4) 395.7* (4) 367.9* (4)

Week 7 400.0 (4) 356.5* (4) 400.0* (4) 366.3* (4)

Week 8 400.0 (4) 390.7* (4) 400.0* (4) 366.3* (4)

Week 9 384.7 (3) 358.3 (3) 387.C (3) 343.5 (3)

Week 10 367.2 (3) 345.2 (3) 367.6 (3) 344.3 (3)

Week 12 382.0 (3) 357.8 (3) 385.0 (3) 380.8 (3)

Week 12 399.3 (3) 336.6 (3) 400.0 (3) 32803 (3)

Week 13 397.0 (3) 369.8 (3) 386.7 (3) 376.6 (2)

Entries are means with group n's in parentheses. TNT was administered
daily by capsule.

*Average includes recovery dog.
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Table 20

EFFECTS OF TNT ON FOOD CONSUMPTION (G/ANIMAL/DAY)
OF FEM4ALE DOGS DURING 13 WEEKS OF TREATMENT

Dependent Control Treatment Groups
Variable Group 0.2 mg/kg/day 2 mg/kg/day 20 mg/kg/day

Week 1 261.6 (5) 233.2 (5) 270.9 (5) 87.2 (5)

Week 2 273.4 (5) 259.9 (5) 307.6 (5) 21]..2 )

"Week 3 269.4 (5) 285.4 (5) 249.6 (5) 249.0 (5)

Week 4 299.6 (5) 278.2 (5) 28 2.1 (5) 351.1 (5)

Week 5 341.7 (4) 279.0* (4) 355.2* (4) 388.7* (4)

Week 6 332.4 (4) 264.4* (4) 348.7* (4) 373.0* (4)

1 Week 7 361.0 (4) 281.0* (4) 386ý6* (4) 373.3* (4)

Week 8 372.6 (4) 317.3* (4) 390.1* (4) 400.0* (4)

I Week S 352.9 (3) 238.2 (3) 339.0 (3) 317.9 (3)

Week '0 355.3 (3) 260.1 (3) 337.6 (3) 310.0 (3)

Week 11 397.2 (3) 307.6 (3) 369.2 (3) 332.0 (3)
*; Week 12 400.0 (3) 271.6 (3) 3t4,5 (3) 272,5 (3)

Week 13 400.0 (ý3 3117.3 (3) 321.7 (3/ 359.8 (3)

Entries are means with group n's in parentheses.

*Average includes recovery dog.
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TABLE 25

EFFECTS OF TNT ON ORGAN WEIGHTS (G)-
ORGAN-TO-BODY WEIGHT RATIOS (G/XG) AND ORGAN-TO-BRAIN WEIGHT RATIOS (GIG)

OF MALE DOGS AFTER 4 WEEKS OF TREATMENT AND 4 WEEKS OF RECOVERY

TREATMENT GROUPS

DEPENDENT CONTROL 0.2 2.0 20.0

VARIABLES GROUP MG/KG/DAY MG/KG/DAY MG/KG/DAY
------------------------------------------ ------- --------- --------- ---------

FINAL WEIGHT (KG) 8.40

BRAIN 87.00

THYROID .65

HEART 90.00

LIVER 354.00

SPLEEN 22.50

ADRENAL 1.41

KIDNEYS 53.00

TESTES 22.00

BRAIN/BODY WT. 10.36

THYROID/BODY WT. .08

HEART/BODY WT. 10.73

LIVER/BODY WT. 42.14

SPLEEN/BODY WT. 2.68

ADRENAL/BODY WT. .17

KIDNEYS/BODY WT. 6.31

TESTES/BODY WT. 2.62

THYROID/BRAIN .01

HEART/BRAIN 1.03

LIVER/BRAIN 4.07

SPLEEN/BRAIN .26

ADRENAL/BRAIN .02

KIDNEYS/BRAIN .61

TESTES/BRAIN .25

ONLY HIGH DOSE MALE WAS SACRIFICED.
TNT ADMINISTERED DAILY BY CAPSULE.
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TABLE 26

EFFECTS OF TNT ON ORGAN WEIGHTS (G),
ORGAN-TO-BODY WEIGHT RATIOS (G/KG) AND ORGAN-TO-BRAIX WEIGHT RATIOS (G/G)

OF FEMALE DOGS AFTER 4 WEEKS OF TREATMENT AND 4 WEEKS OF RECOVERY

TREATMENT GROUPS

DEPENDENT CONTROL 0.2 2.0 20.0
VARIABLES GROUP NG/KG/DAY MG/KG/DAY MG/KG/DAY

FINAL WEIGHT (KG) 10.60

BRAIN 77.00

THYROID 1.11

HEART 100.00

LIVER 359.00

SPLEEN 77.00

ADRENAL 1.39

KIDNEYS 55.00

GONADS 2.89

BRAIN/BODY WT. 7.26

THYROID/BODY WT. .10

HEARTIBODY WT. 9.43

LIVER/BODY WT. 33.87

SPLEEN/BODY WT. 7.26

ADRENAL/BODY WT. .!3

KIDNEYS/BODY WT. 5.19

GONADS/BODY WT. .27

THYROID/BRAIN .01

HEART/BRAII 1.30

LIVER/BRAIN 4.66

SPLEEN/BRAIN 1,0c

ADRENAL/BRAIN .02

KIDNEYS/BRAIN .71

GONADS/BRAIN .04

ONLY HIGH DOSE MALE WAS SACRIFICED.
TNT ADMINISTERED DAILY BY CAPSULE.
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PART 3 - SUBACUTE ORAL TOXICITY STUDIES ON LAP (PHASE II)

INTRODUCTION

This section describes the results of 90-day subacute oral toxicity
studies of LAP in dogs, rats, and mice. These studies were performed
(1) to define toxic symptoms associated with repeated oral admiaistra-
tion of LAP and the target organs or systems; (2) to established a dose-
response relationship where possible; (3) to establish no-effect levels

"* for exposure of the species to LAP; and (4) tc determine dose levels to
be used in chronic studies.

Projected recovery studies in rats and mice were canceled at the
request of USAMBRDL so that enough animals for statistical analysis

-- would remain after 13 weeks of treatment with the high dose. This
change in the protocol was put into effect when dogs that had undergone
4 weeks of treatment and 4 weeks of recovery were being killed; all

S - dogs remaining on the LAP study were killed at 13 weeks.

EXPER IMENTAL

Studies in Dogs

Forty AKC-registered beagles, approximately 5 months old, were
received from Marshall Laboratory Animals, North Rose, New York. The
protocol and procedures used were the sajr.m as those for the subacute
study of TNT except for the following changes:

(1) The TNT and RDX were mixed in the ratio 1.6 to 1.0 (w/w)
with lactose powder so that the dose levels were 0.5,
5.0, and 50.0 mg of LAP per kilogram of body weight.

(2) The 17-week sacrifice was omitted, and all dogs surviving
after 13 weeks of treatment were killed then.

(3) Dogs were fed dry Purina Field and Farm Kibble daily
during quarantine and the test period.

in Stock suspensiots of LAP in lactose for dosing dogs were prepared
in the following manner. For each dose level, an appropriate weight
of LAP was dissolved in 100 ml of acetone, and the soluticn was added
to a quantity of lactose sufficient to provide 250 g of stock material,

219

I

II



Part 3

L:
After stirring to homogeneity, the acetone wet mixture was dried in
shallow bowls and covered with aluminum foil for protection from light V
under a well-ventilated hood. Doses were weighed and placed in the
capsules in the manner described for the TNT study in dogs.

Studies in Rats

Eighty male and 80 female Sptgue-Dawley-derived rats were used
in this study. The protocois and procedures used in the subacute study
of TNT were followed, except for the following changes:

(1) Dose levels of LAP in feed were 0.005, 0.05, and 0.5%
by weight.

(2) All 20 males and 20 females per group were treated for
13 weeks and survivors were then. killed, with no
interim sacrifices. k

Stock mixtures of the feed were prepared by mixing 2 to 4% TNT

and RDX with 1000-g quantities of ground Purina Laboratory Chow in a
U.S. Stoneware ball mill. The TNT was added to the chow first and
mixed for 30 minutes with the ceramic balls in place. Then the balls
were removed, the appropriate amount of RDX was added, and the mixing
recommenced and was continued for at least 30 minutes more. The stock
mixture was used to prepare the high-dose level (by admixture with an
additional amount of rodent chow in the Hobart mixer) and successively
lower dose levels in the manner described for TNT. After preparation,
samples of feed at each dose level were extracted with dichloromethane
and analyzed fot their TNT and RDX content by hplc (see below). Stock
mixtures and diets were kept in tightly lidded plastic buckets at 40
until use. Diets were prepared fresh every two weeks.

Studies in Mice

One hundred male and 100 female Swiss-Webster mice were used in
this study. The procedures and protocols were the same as those for
the TNT study, except that--

(1) Dose levels of LAP in the diet were 0.005, 0.05, 0.25,
and 0.50% by weight.

(2) All 20 males and 20 females per group were treated forIi 13 weeks and survivors were then killed; there were no
interim or other sacrifices.

Diets for the mice fed LAP were prepared fresh biweekly in the same
manner as the diets for rats (described above).
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Stability of the LAP Mixture in Feed

The stability of the LAP mixture in feed was determined by passing

dichloromethane extracts of feed samples through a short (about 2-inch-
long) Florisil column and eluting with the dichloromethane. Elution
of RDX depends highly on thE activity of the Florisil used; we found
that with commercial Florisil, deactivation with 5% water was required
before complete recovery of RDX could be attained. The dichloromethane
extracts were dried with a rotary evaporator. The residue was taken
up in ethyl acetate and analyzed quantitatively by reverse-phase hplc.
More than 95% recovery of both TNT and RDX was achieved after the
mixture had been in the diet for 4 weeks.

RESULTS

Studies in Dogs

"Observations

Once a day, groups of five male and five female dogs each were
administered capsules containing 0, 0.5, 5.0, or 50 mg/kg LAP. Beginning
almost immediately, the dogs on the high dose vomited frequently and
refused to eat. Several of them convulsed, and one male died in
convulsions (grand mal type) after the second dose. At least three
"other dogs appeared to be near death, and blood samples were taken
for terminal hematology evaluations. However, the other dogs on the
high dose survived.

Almost all the dogs on the high dose had red urine within hours
of administration of the first capsule. On Day 2, four of these dogs
were inactive. By the end of Week 1, eight of the nine high dose
survivors were inactive. This condition persisted in many of these
dogs through the next 3 weeks and was occasionally observed thereafter.
Two dogs salivated on Day 2 and on two other occasions over the

4. following 12 days. Diarrhea appeared on Day 4 in three dogs and
affected as many as seven in the high-dose group until it subsided
3 weeks later; only one animal had diarrhea thereafter. On Day 5,
two dogs were noticeably weak. On Day 7, foir dogs had dry mouths;
on Day 20, three had white gums.

Neurological signs were first noted on Day 6 of treatment, when
one dog was wobbling. Two were stiff-legged on Day 7. By Day 10,
body fat had been used up and the dogs were emaciated. By Day 11, the
dogs were beginning to exhibit poor balance and coordination. Four

J i dogs were swinging their heads the next day. On Day 14, one dog had
I! petit mal convulsions, which recurred frequently for the next 5 weeks.

A common observation, beginning on Day 16, was head-bobbing; this
response was seen in the surviving high-dose dogs almost throughout
the treatment period. On Day 33 two dogs developed a pacing or
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circliug motion, and on Day 59 one of the remaining high-dose dogs
became hyperactive.

The neurological effects were severe in some cases. Seizures of
the grand mal type (30 seconds to 2 minutes in duration) were observed
in Dog B3-38,* a female, duzing Week 4. It survived these episodes
and, although still exhibiting difficulties with balance and in
controlling its head, it appeaied to have improved during Weeks 5
through 7; this improvement was concurrent with its recovery in body
weight. Dog B3-40 experienced petit mal seizures beginning during
Week 4 and lasting through Week 7, and it had difficulty in maintaining
its balance; otherwise, its general condtion improved over Weeks 5
through 7. All the other dogs on the 50-mg/kg dose regained their
activity and general health, although they still had difficulty in
controlling the head, and one or two had poor balance through Week 7.
Dog B3-33 became increasingl~y difficult to handle as the study pro-
gressed and had a voracious appetite.

Dog B3-36, a female, died suddenly during the sixth treatment
week. Its initial reaction to treatment had been relatively mild
throughout, characterized by the colored urine, head-bobbiug, and -

somewhat increased activity. On Day 37, this dog was found semi-
conscious in its cage; the dog was twitching, and the slightest
disturbance seemed to initiate convulsiong. Blood samples were taken
in anticipation of the animal's impending death. When offered food,
it initially had difficulty in biting, but then began eating heartily.
Two days later, the dog was lying on its side trembling; when it
stood, the animal was disoriented and had difficulty remaining upright.
The next day, the dog was lying i-aactive, and was breathing deeply, j
but otherwise it showed no signs of extreme difficulty. The cause
of this dog's death was not ascertained.

Body Weights

Tables 167 and 168 present the weekly body weights for dogs
treated with TNT for up to 13 weeks. Both sexes at the 50-mg/kg/day
levetl lost substantial weight during the first 2 weeks. Some stabiliza-
tion occurred thereafter, except in one male dog that continued to lose
weight rapidly during Week 4. This dog was killed at the A-week
sacrifice. Thereafter, the mean body weights of the two males remaining
on treatment improved gradually until they were killed (at 13 weeks).

*B3 is the group designation for high-dose dogs. Odd numbers are
males; even numbers are females.
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The females at the 50-mg/kg/day level had a significant depression
in body weight (p < 0.05; A in the r-test) during Weeks 2 through 4.
The weakest females at Week 4 were chosen for sacrifice or for recovery,
resulting in a sharp increase in mean body weight during Week 5. Th,,.
condition of one of the females remaining on treatment continued to
deteriorate during Week 6, again bringing the mean for the group down.
At Week 7, after this female died, the mean showed a second sharp
increase and continued to increase gradually until termination (13 weeks).

Females at the 5.0-mg/kg/day level showed an abrupt decrease in
mean body weight at Week 5, but this was due to the smaller size of
the animals selected at the start of the study to remain on study for
13 weeks. These dogs lost weight slightly from Weeks 5 to 13, but the
loss was not significant and improvement was noted during the last
2 weeks. Because of the small number of dogs in each group, we cannot
establish whether this is a treatment-related effect; but one female
dog in the TNT study that was administered 2.0 mg/kg/day (slightly
less TNT by weight than in the LAP mixture administered here) alsL' lost
weight during thc first 4 weeks of treatment. Therefore, the possibility
remains that the mild depression in body weights of females at the
5.0-mg LAP/kg/day level was due to treatment. No similar effects were
observed in any other group.

- Tables 169 and 170 give the weekly changes in body weights for the
dogn undergoing treatment. The decrease in net weight at the 50-mg/kg/day
level noted above was significant for males on Week 2 and for females
on Wecks 1 and 2. The significant change that resulted for females
during Week 9 is spurious and is associated with the zero variance in
the two measurements at the high dose. The r-test was not calculable
for most of these data.

Tables 171 and 172 present the weekly body weights of the dogs
allowed to recover. Both dogs on the high dose substantially improved
their body weight upon removal from treatment (Weeks 5 through 8).
Although we cannot generalize from group sizes of one, from the magni-
tude of the change, we conclude that the deteriorat 4 on in body weight
produced by the high dose of LAP was reversed by discontinuation of
the treatment.

Tables 173 and 174 present the weekly changes in body weight of
the dogs allowed 4 weeks of recovery from the treatment. The great
improvement in body weights of dogs at the 50-mg/kg/day level during
Week 5 and continuing improvement in this parameter through Week 8
(termination) was evident.

i2
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Food Consumption

Tables 175 and 176 present the daily food intake calculations for
dogs treated with LAP. Both males and females at the 50-mg/kg/day
level decreased food consumption relative to other groups and controls,
particularly during week 2. During that week, females practically
stopped eating. Their interest in eating was renewed during Weeks 3
and 4, however. Animals remaining on treatment at this level after
Week 4 ate well (except for the female that succumbed to the treatment
during Week 6). Food consumption by dogs in other groups and in
controls was normal throughout the study. In general, food consumption
data corresponded with observed changes in weekly body weights of the
dogs.

At the end of the 4-week treatment period, the most severely ill
were usually killed or placed in the recovery group. Dogs set aside
for recovery after 4 weeks were placed in runs separate from those of
dogs continuing on treatment. Food consumption for these dogs was
not tabulated separately because in most cases they had been paired in
runs with other dogs during the treatment period. Dog B3-39 was an
exception in that it was the fifth dog in its group and was housed

separately. Its food consumption rate can be studied for signs of
recovery. It consumed 104, 60, 9, 0, 400, 366, 400, and 400 g/day
during Weeks 1 through 8, respectively. During treatment, Dog B3-39
clearly had no interest in food, but its interest revived immediately
on termination of treatment. Thus, the suppression of food intake
produced by LAP in this dog was immediately reversed on withdrawal
from exposure.

Organ Weights

Tables 177 and 178 present organ weights and weight ratios for
the dogs killed after 4 weeks of treatment. In the male that received
50 mg of LAP per kg of body weight daily, the liver weight and weight
ratios were high, and its testes weight and weight ratios were low.
Despite the very low body weight of the female at that dose level,
its spleen weight was the greatest of the four dogs killed and its
weight ratios were notably high. Organ-to-body weight ratios and
some other organ-to-brain weight ratios were also high for that female,
but this probably resulted from its low body weight. The heart-to-brain
weight for this female was the lowest of any in this study. No other
alterations were detected in these dogs that appeared to be treatment-
related.

Tables 179 and 180 present the organ weight data for dogs killedj

after 13 weeks of treatment and no recovery. In the high-dose male,
liver weights and weight ratios were high (significantly for ratios)
and the testes weights were. low. However, apparently the testes-to-
body and testes-to-brain weight ratios were not out of line with
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other calculated ratios for male dogs. Spleen weights and weight ratios
were also marginally high and probably reflected an effect of the treat-
ment. None of the other values was abnormal.

In the females, liver weights and weight ratios for those that
received the 50-mg/kg/day level were significantly different from
control values. No other alteration was observed in these or the
other treated females. (The brains of females at the 5.0 mg/kg/day
level were smaller than those of controls, but there was no obvious
dose relationship.)

Organ weight data for the recovery dogs are listed in Tables 181
and 182. No appreciable deviations from the normal values for these
parameters in dogs were observed in the treated animals, with the
possible exception of the testes and testes-to-body and testes-to-brain
weight ratios, which did appear to be low for a male of this size.
The control male was unusually small, so a number of the values
obtained for these parameters in treated males appeared to be altered
by the treatment, but actually were not. This control-had an unusually
small heart and spleen, and its spleen was found to be rough with
dark spots at necropsy.

No noticeable effects were discerned in the data of treated
females at this sacrifice.

i~.
Hematclogy

Tables 183 and 184 present the hematology data on dogs before
treatment, and Tables 185 through 190 present the data collected during
treatment. After 4 weeks, Hgb and Hct were significantly low at the
50-mg/kg/day level in both males and females; RBC, though not cited,
was precipitously low; MCHC tended to be low in both sexes (p < 0.01
in females); and MCV was elevated appreciably in females and was
marginally high in males (Tables 185 and 186). PMN and WBC were high
(neither significantly) in males. Reticulocytes were increased in
dogs of both sexes at this level, and eosinophils were either low or
absent. At the 5.0-mg/kg/day level, significantly low MCHC and high
reticulocytes were noted for both males and females, suggesting that
these changes were dose-related. At the two low-dose levels, eosino-
phils in males were significantly low when compared with control
values; but when compared with the initial values for these dogs,
the difference was not great. Reticulocytes in females at these two
levels were significantly high, but the values were not abnormal
(Table B-8) and arose from the lower value for controls. Most of
these alterations persisted up to termination, with a slight improve-
ment in most of these parameters for the males and more substantial
recovery for females after 13 weeks (Tables 189 and 190).

Ai2
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At termination, MCHC for both sexes remained significantly low
(also for males at the 5.0-mg/kg/day level) and reticulocytes were
still elevated at both higher dose levels. MCV and MCH tended to be
high in both sexes, although not significantly so. In males, RBC, 1.
Hgb, and Hct remained low. Leukocytosis was still evident in males
and was noticeable in females by Week 13. Dogs at the high dose had
higher PMN than those in all other groups, including controls, at
each test period.

Tables 191 and 192 present the hematology data on the dogs killed
after 4 weeks of recovery. The only notable observations were the
abnormalities in the control male. Its WBC was unusually high,
hemoglobin and hematocrit were low, PMN and reticulocytes were increased,
and lymphocytes were decreased compared with other control data. This
control dog was unusually small, so some of these changes may reflect
that, or the animal could have been ill. The only other unusual
observation was that the dog was thin.

Female recovery dogs showed a trend toward lower RBC, Hgb, Hct,
and MCV as the dose increased. The levels observed in the female at•
the 50-mg/kg/day level suggested that the dog may not have recovered

fully from the anemia.
7'

Clinical Chemistry

Tables 193 through 202 present the clinical chemistry data on

dogs before and after treatment with LAP. Before treatment began,
the males at the 5.0-mg/kg/day level (Table 193) had low SGOT and
iron relative to other groups and controls, but these values were not
outside the normal limits (for example, compare with values for females
in Table 194). In females that received 5.0 mg/kg/day of LAP, uric
acid and phosphorus were low and CO2 was high (p < 0.05), but these
values, too, were not appreciably different from those in other groups
this size. Therefore, the initial variations in these values were
not toxicologically significant.

After 4 weeks of treatment, males and females (Tables 195 and 196)
at the 50-mg/kg/day level had high triglycerldes relative to their
respective controls and to their values before treatment. Serum
cholesterol was unaffected. A tendency was observed toward lower
globulin and therefore protein (significant for males), and a slight
increase in A/G ratio was apparent for both sExes at this level.
Creatinine was significantly low (p < 0.01) for both sexes that
received 50 mg of LAP/kg daily, and the lower values at the 5.0-mg/kg/day
level suggest a dose-related trend (Table C-17; p < 0.01). BUN fur
both sexes was elevated, significantly so for females. Serum CaZ+
for females at both the high and low doses were low, but
the means were within normal limits. SGPT activity wao significantly
low for males and females at the 50-mg/kg/day level, although it was
not necessarily outside the normal limits for either. (This finding
is analogous to what we observed in the TNT studies.)

- .226
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LDH activity was elevated in dogs of both sexes at the highest
two doses, significantly so for females (p < 0.01); however, neither of
"thesp means was significantly different from the means of controls
at other times in this study (see, e.g., LDH for male controls at
Week 13, Table 199).

In examining the data on dogs that were given the lower doses,
the following alterations are cited as being statist cally significant:
low SGPT for males and low albumin and low serum, Ca2T for

females at the OT5-mg/kg/day level. In each case, there was a high
degree of variance ±n the parameter measured, based on the chi--square
test. Because of this and because no linear trend (dose response) to
the data existed in any of these cases (Table C-17), we believe that
these observations resulted from the variability in control values
and not in any obvious way from the treatment.

After 8 weeks of treatment (Tables 197 and 198), triglycerides
in the dogs that received 50 mg/kg/day remained high (significantly
for males) and SGPT was very low (p < 0.05; C in the r-test). None
of the other parameters found altered at 4 weeks continued to be
significantly different after 8 weeks at this dose level. This may be
because the more sickly dogs were either killed or set aside for
recovery after 4 weeks. Other observations of the clinical chemistry
for those dogs that remained on treatment were: the low glucose for
males and the hijh bilirubin for females at the 50-mg/kg/day level

. (D in the r-test for bilirubin, but these were singular results not
found in the means from determinations on blood sera from this group
at any other time); high uric acid in males at the two high doses
(values that were not outside normal limits and appeared to be signi-

Sficant because of the somewhat low control values); and high total
protein for females at the 0.5- and 5.0-mg/kg/day levels (which resulted
from the low control mean at this time and not from the treatment).

After 13 weeks of treatment (Tables 199 and 200), the alteration
in triglycerides at the high dose level was no longer significant,
although it was still observable in the males; and in females the

apparent dose-rasponse suggested by the earlier results was obscured
by the high triglyceride determinations for the dogs dosed with
0.5 mg/kg/day. The high values at this level appeared to be an anomalous
result (see the much lower mean found for this parameter in these dogs
at Week 8). Cholesterol levels were also elevated in these animals,
and this was the case at Week 8. No other differences existed between
females at this treatment level and controls.

As at 4 and 8 weeks, SGPT activity remained significantly depressed

in male dogs at the 50-mg/kg/day level btt not in females (for males

at the 5.0-mg/kg/day level this mean was within the normal range).
LDH activity for males was low (p < 0.01) ac all treatment levels
because of the high control values. Creatinine for the two females
at the 50-mg/kg/day level was significantly high--tne reverse of the

U I
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trend observed after 8 weeks of treatment. Since males failed to show
this change, the toxicological significance of this result is unclear
and possibly is related to the small group size. The high phosphorus
determinations also for these females was the highest mean recorded
for this parameter, but the mean was well within normal limits
(Table B-8) and the values at other levels exhibited no clear dose
response. The electrolyte balance for these females was normal (see
other clinical chemistry) and appeared to be high because of the lower
values for the other groups of female dogs.

Tables 201 and 202 give the clinical chemistry determinations
for dogs allowed a 4-week recovery period after treatment. The values
are unremarkable except for the low BUN of the male at the 50.0-mg/kg/day
level, which value was also low initially and at Week 4. The tendency
to low SGPT values for the females at the 5.0-- and 50.0-mg/kg/day
levels may reflect incomplete recovery of this parameter in these dogs.

Urinalysis

color of the urine of dogs treated with LAP at 50 mg/kg/day was

invariably amber to dark amber or red. No other parameters measured
showed any clear relationship to the treatment. However, the male
that had been given 5.0 mg/kg/day and killed after 4 weeks did have
some unusual signs, including a 1+ turbidity, notably high RBC (10 to
15), moderately large and small round epithelial cells in several
large clumps, and many sperm cells in a packed field. These findings
may have resulted from contamination during sampling. &

Histopathology

Tables 203 and 204 give the histopathology results on dogs killed
at the 4-week sacrifice. "he male on the high dose (B3) had distinct
testicular atrophy with inactive seminiferous tubes and aspermia of
the epididymis, which were attributed to the treatment. No treatment-
related effects were found either in the female or the male (B3-37) that
died early. At the 5.0-mg/kg/dav level, both B2 dogs had hyperplasia of the
thyroid follicular cells, and the female also had hemosiderosis of the spleen.
These effects were not seen in dogs at the higher dose level nor in Bl dogs
at the 0.5-mg/kg/day level at this or later sacrifices and therefore
cannot be unequivocally ascribed to the treatment.

As Tables 205 and 206 indicate, dogs killed aftcr 13 weeks of
treatment showed only one clear effect of treatment: inactive semini-
ferous tubules in B3-33. Interstitial ly .bocytes were seen in the .
lungs of male D3-33 that had received the highest dose and in one
female (B2-30) that he' received the next highest dose. This effect
may be treatment-related, but the low incidence abrogates a definitive
statement on this point. Because of their infrequency of occurrence
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and lack of any obvious dose relationship, no other findings at these
levels or at the lowest (0.5 mg/kg/day) level were attributable to the
treatment. Dog B3-36, the female that died on Day 41, had congestion
in the kidney, liver, and lungs not seen in other dogs at this or other

L. sacrifices. These effects may have been related to the mode of death
of the animal and not to the treatment.

Tables 207 and 208 present the histopathology results on the dogs
that were killed after a 4-week recovery period. The male (B3-39) had
testicular atrophy, which signified incomplete recovery of this organ
by the time of sacrifice. The granuloma in the lymph node of male B2-27
was not seen in any other dogs in the study. The other findings noted
in these tables formed no clear relationship to the treatment. The
female (B3-38) had fibrosis and hyperplasia of the thymus and lymphocytes
in its cholecyst. No conclusions can be drawn from this.

Studies in Rats

Observations

"Rats were treated daily with LAP at 0.005, 0.05, and 0.50% (w/w)
in the diet for 13 weeks. Slightly red urine appeared on Day 3 from
rats in the 0.05% treatment group, and the intensity of the color
increased appreciably by Day 5; this condition persisted throughout
the study. In the 0.50% treatment group, red urine was observed
earlier (on Day 2), and the color had intensified to bright red by
Day 6. Animals in the highest dose group had rough fur, were aggressive,
and were notably smaller than the others. No toxic signs were noted
in any other groups. During Week 6, the number of deaths increased
sharply in the highest treatment group, and this continued through
Week 10. More males than females died (see Tables 209 and 210).

Body Weights

Tables 209 and 210 present the weekly body weights of rats for
the 13-week treatment period. Rats at the 0.50% LAP level had signi-
ficantly lower body weights from the first week of treatment through
the 13 weeks. The confidence intervals ranged from 20 to 50% lower
than the control means over this period. At the end of 4, 8, and 13
weeks, the mean weights for males at this level were 46, 44, and 43%
lower than male control means, respectively. The mean weights of
females at this level were 39, 37, and 34% lower than the means for
the female controls at 4, 8, and 13 weeks, respectively. These data
suggest a more pronounced effect of treatment on body weights of males
than on females and little, if any, improvement in this parameter
with time.

Effects on body weights of rats were seen at the 0.05% LAP level
also. The body weights of males were significantly lower than those
of their controls during the second week and their growth lagged behind
for most of the 13 weeks. The body weights of females were significantly
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lower than those of controls on 11 of the 13 treatment weeks. At this
treatment level, the female rats apparently were more affected by the
treatment than the males--the opposite of the observation made with
rats at the 0.50% LAP level compared with their controls. Thus, we
cannot determine from body weight data alone whether LAP exerts a
preferential effect on the body weights of one sex.

Tables 211 and 212 present The body weight differences for male
and female rats during the 13 weeks of treatment. During the first
week, both males and females at the high dose lost considerable weight
compared with the rats in other treatment groups and with the controls.
These animals began to grow during the second week, but their growth
rate was more than 50% lower than those of the other groups. The
difference in growth rates between high-dose rats and control rats
did not disappear until Week 5, but even after that time several
instances occurred in which weekly body weights for these groups were
still significantly lower than those for controls (note the exception
for treated females at Week 8). The reader should consider, however,
as pointed out earlier, that a more relevant comparison might be ,
between the growth rates for rats at the 0.50% LAP level and for
control rats with the same mean body weights at the start of the week.
When compared on that basis, the body weight gain at this level is
seen to lag well behind that of controls throughout the treatment
period.

An initial retardation in body weight gain followed by accelerated
growth during Week 2 was apparent, too, for both males and females
at the 0;05% LAP level. Although some changes later in the study were
noted as statistically significant at this level, they formed no
pattern suggesting that the treatment continued to have an effect on
growth rates thereafter.

At the 0.005% LAP level, occasional differences in growth rates
of treated and untreated (control) rats occurred, but they did not
follow a close relationship to changes at the higher dose levels nor
any other consisterit Pattern that could be related to The treatment.

Food Consumption

'fables 2].3 and 214 present food consumption date for the rontrol
and LAP-exposed rats. Relative to controls, the males and iemales at
the highest dose levels had a depressed food intake initidaly. At the
0.50% LAP level, the depression was most severe; the animals almost
refused to eat during Week 1, but showed much more interest during
Week 2 and slowly recovered tiereafter. Their food intake after 13
weeks wis .itill appreciably below that of controls, but part, if not
all, of this improvement reflected the survival of hardier animals

F adlrinistered the high dose.
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The rats given 0.05% LAP also notably improved their food consump-
Eion rates during Weeks 2 and 3, and intake stabilized thereafter.
In the males, food consumption approached that of controls as the
study progressed and became indistinguishable from that of controls
by Weeks 12 and 13. The body weights of these males were not different
from those of controls at sacrifice. Food consumption of females
remained low compared with controls throughout the 13 weeks, and their
body weights were also depressed (Table 210).

Males administered the 0.005% level of LAP consumed their food
at essentially the same rate as controls throughout. Fentales fed this
level had a lower group body weighL at the beginning and maintained
"that differential throughout the study. Their food consumption rate
was also correspondingly Jowet.

Analysis of the food intake data on the basis of mean body weight
appears in Tables 215 and 216. At the 0.50% LAP level, significantly
lowier rates are cited for both sexes, particularly during the first
3 weeks. These changeg are not consistently observed at the lower
doses. Considering also net gains or losses in body weights for
these groups (Tables 211 and 212), both sexes at the 0.05 and 0.50%
LAP levels exhibited decreases in food efficiency during the first
week of treatment, but only at the 0.50% level thereafter. At the
0.005% LAP level, there were no appreciable differences in either

* food intake or food utilization in comparison with controls at any
time in the study.

Tables 217 and 218 present Lhe doses of LAP consumed by rats in
the diet over the 13-week course of treatment.

Organ Weights

Tables 219 and 220 present the organ weight data and weight ratios
for the rats at sacrifice. Several alterations were noted in rats
that received the 0,50% LAP level. In males, the heart, kidney, and
testes weights were significantly low and the spleen weight was
significantly high. Organ-to-brain weight ratios for these organs
were altered in the same manner (although not significantly so for
the testes). Since body weights were also substantially low relative
to controls, body weight ratios were not altered for the heart, kidney,
and testes. However, body weight ratios for the liver and brain were
high, because these organs were diminished proportionally less than
body weight compared with controls. Females at the 0.50% LAP level
exhibited the same changes, except that the kidney-to-body weight and
liver-to-brain weight ratios were also significantly high. Based on
the r-test, the changes in spleen weights were the most dramatic and
are clearly treatment-related. The lower testes weights are probably
also treatment-related (see Histopathology section). Heart, kidneys,
and possibly livers may also be affected by the treatment.
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&t the 0.05 and 0.005% LAP levels, spleen-.to-body weights were
significantly high in males. However, these ratios were not outside
the range of values we have encountered in these and other studiesI
(e.g., the ratios for control male rats in TalJes 85 and 89). In
addition, spleen-to-brain weight ratios were comparable for these
groups. Microscopic lesions were observed in the spleens of rats
from these groaps, but at the 0.005% level they were nc more frequent
than in control males. Consequently, no particular significance was
attazhed to ti:e spleen-to-body xeight observae:ion. In contrast,
females did exhibit a trend toward higher brain-to-body weight ratios
beginning ac the 0.057 LAP level (p < C.05) that may be related to
the treatment. However, the ratio itself was not abnormally high
compared with the ratios obtained for control females in other studies
(e.g., the TNT stLdy).

In summary, spleens, kidney3, hearts, and possibly livers of rats
appear to be organs specifically affected by ingestion of 0.50% LAP
in the daily diet, as well as the testes. All other alterations at
this and the 0.05% level arose from the lower body weights of the rats
in these groups relative to controls.

Hematology

Tables 221 and 222 give the rc.ults of hematology determinations
on the rats at sacrifice. In both males and females at the 0.50% LAP
level, Hgb and Hct were significantly low. RBC was also low and MCV
was high, but neither was cited because of the small numbers of
survivors in these 'rniips. Nevertheless, anemia was clear. Other
ratios affected oecause of this condition were low MCHC in males and
high MCH in females. Some of these alterations also occurred at the
0.05% LAP level and in thie same direction, suggesting that the changes
at both levels were dose-related. The leukocyte count for females
at the 0.50% level tended to be high, but it was not substantially
different from control means encountered in other studies; the mean
at the 0.05% LAP level for females, although cited as statistically
different, was well within the control range of values for this
parameter. The only other significant finding was the low PMN and
high lymphocyte percentages of females at the 0.05% LAP level. No
dose relationship to these changes was apparent, however; they were
attributed to normal intergroup variations rather than to the treatment.

Clinical Chemistry

Tables 223 and 224 present the clinical chemistry data for rats
killed after 13 weeks of treatment with LAP. The only alteration
coimnon to both males and females at the 0.50% LAP level was the
significantly high mean for phosphorus. This mean decreased in both
sexes in an apparently dose-related manner, and the alteration
remaiad significant even at the 0.005% level for females.
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Despite the apparent dose-related trend in the data, however, we
believe these changes may not be entirely, if at all, due to the
treatment. None of these means was outside the range of values
encountered for phosphorus in other control animals (for example, the
centrol means ranged from 6.18 to 8.20 for males and from 4.60 to 8.03
for females at the different sacrifices in the TNT study, Part 2).
Because of this, it is not possible to discern the shape of the dose-
response curve at these treatment levels. In addition, we have found
no related pathological alteration to explain this trend. Therefore,
we are unable to assess the toxicological significance of this data.

Other apparently significant findings at the 0.50% LAP level were
low triglycerides in males but not in females and low glucose and iron
and high BUN, cholesterol, billrubin, and percentage of globulin in
females but not in males. The trend toward low iron (noted also in
males at both the 0.05 and 0.50% levels) and high serum bilirubin in
females may have reflected the more pronounced anemia seen in them
than in the males (Tables 221 and 222). The rise in cholesterol was
very likely related to the treatment. Male rats generally had lower
cholesterol levels than females did, and the mean for males at the
0.50% level, although not cited statistically, was unquestionably high.

t The mean cholesterol for females at the 0.05% LAP level was also
4. significantly high but was not outside the range of values obtained in

other studies on females. When considered with the same observation
in females at this level, the high BUN in males at the 0.50% level--
although not greatly different from values observed in other control
groups--may be treatment--related.

At the lower dose levels, occasional alterations appeared compared
with controls, but as with phosphorus (discussed above), a relationship
to the treatment cannot be established. The very high LDH activities
obtained in all the groups very likely resulted from the rats'
pulmonary disease. This condition is difficult to control, and other
investigators have also encountered it in the Sprague-Dawley rat.

In summary, the increased cholesterol and probably increased
bilirubin(in the females) and the decrease in serum iron were related
to the LAP treatment. The increased BUN observed in males at the
high dose and the increased phosphrous in the high-dose females may
also have been treatment-related. No other findings, including the
changes in phosphorus noted at the lower dose levels, were attributed
to the treatment.

Histopathology

Tables 225 and 226 give the results of histopathological examina-
tion of rat tissues after 13 weeks of LAP treatment. Comparison of
the frequency of incidence of each finding as a function of increasing
dose reveals that many sporadic lesions were encountered, only a few
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of which were treatment-related. The testicular lesions at the 0.5%
LAP level, based on their frequency compared with other male gro-ps,
!,ere definitely treatment-related, as was the uterine hypoplasia in
all high-dose females e~amined. Hemosiderosis of the spleen occurred
in a dose-zelated manner in males and wao common at all levels,
including controls, in females.* 'this effect was also undoubtedly
related to the treatment. Although the frequency of incidence was
approximately the same in the low-dose and control rats, the condition
was moze marked in rats in the low-dose group. Hence, it appears that
LAP was capable of aggravatinp the hemosiderosis. The incidence of
respiratory defects was high among the rats in this study, but none of
the defects appeared to be caused directly by the treatment. The
thymus of two of the six malEs and of one of the ten females that
survived treatment at the 0.50% LAP level was hyperplastic, which may
indicate an effect of LAP on the immune system. This lesion was not
seen with rats treated with TNT.

Studies in Mice

Observations

Mice were treated daily with LAP at 0.005, 0.05, 0.25, and 0.50%
(w/w) in the diet. On Days 3 and `! of treatment, rs,ý9-.ctively, red

urine was observed in the groups that received the ii armedi-te and
highest dose levels. The intensity ranged from slightly red to
moderately red for the intermediate and highest dose groups, respectively;
the color intensity increased as the week progressed, as was observed
in rat urine during the first wreek of that subacute study. Mice had
hunched backs in all groups except for control females. There was no
pattern to this observation. [

As in tha rat study, a significant number of unscheduled deaths oi
occurrcd, particularly among the mice in the highest dose (0.50%)
groups (see Tables 227 and 228). Deaths peaked during the second
week of treatment but did not abate entirely until the sixth week.
In the groups administered 0.25% LAP, the deaths were less numerous.
Three control males also died prematurely. All were in different cages.
One had slightly rough fur and had been fighting; the second died from
fighting; and the third was sickly, inactive, had ruffled fur, a
hunched back, and weighed 15 g at death.

SI ii
* Spleens in the Bl group were prepared on H & E slideE and examined

to determine whether any treatment-related effects occurred in the
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Body Weights

I. Tables 227 and 228 give the mean body weights determined weekly
V. for mice in this study. Male and female mice that were fed the 0.50%

LAP level had significantly lower body weights than controls did
throughout the study. The male mice at the 0.25% LAP level also had
significantly lower body weights on 12 of the 13 weeks. The females
at the 0.25% and 0.05% levels had lower body weights then controls did;
the differences were statistically significant at several weighings.
At the 0.05% LAP level, males had noticeably lower body weights than
controls did, but the differences were not statistically significant.
Neither the males nor females that were administered 0.005% LAP had
appreciably different mean body weights from their respective controls
except for males at Week 3, but this difference was due to weight losses
among control males (above) and not to the treatment.

Tables 229 and 230 show the weight differences among the groups
of mice during the study. In general, analysis of these data was
restricted to the changes that occurred initially, for reasons stated
in the TNT study on mice. The data in these tables show that during
the first week, mice at the three higher doses lost weight in contrast
to those in other groups. Clearly, the treatment affected mice at
these three il±vels. By the second or third week of the study, mice
at the 0.05% LAE level had resumed growth at rates comparable to those

J of the control groups. Notable improvement was also seen hi the
growth rates of mice at the highest two dose levels by Week 3, but the
weight losses incurred during the first week had not been fully
recovered.

Focd Consumption

Tables 231 and 232 contain the daily food consumption data for
the mice. In the mice fed the two high doses, substantial depression
of food intake was observed for Week 1, especially at the 0.50% LAP
level. Food intake gradually improved thereafter but at a slower
rate at the higher level. By Week 6 and continuing throughout almost
the full 13 weeks, both male and female mice surviving the 0.50% LAP
diet had consumption rates higher than those of any other group. On
one occasion, this increased rate was citeýd statiatically (females,
Week 7).

Mice at the 0.05 and 0.005% LAP levels tended to eat at the sam
rate as controls did throughout the studies, except for males at the
0.005% LAP level, whose food intake rate was slightly higher than

those of controls and males at the 0.05% LAP level. No dose relation-

ship was obvious, and since these males tended to be heavier than
those in other gr-aups, we consider that this w~as a normal difference
between groups of this size rather than being treatment-related.
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in Tables 233 and 234, the data are recalculated in terms of g/kg/day.
Food intake rates again are noticeably higher In the animals treated
with 0.50% LAP in the diet (often significantly oo for females). In
addition, food'intaks Is consistently higher (though not significantly)
for mice at the 0.25% dose level. except for malts during Week 12.
Despite this, mice in Lhese groups did not gain any more weight than
controls did during treatment (Tables 229 and 230). Hence, food effi-

ciency in these groupb was lower than in contrels. At other dose levels,
too, occasionally food intake was higher than corresponding control
intake, but not with a consistency or to a degree that suggested a
clear relationship to the treatment.

Tables 235 and 236 give the weekly dose of WAP consumed by the
mice during the treatment period.

Organ Weights

Tables 237 and 238 present the weights uf organs and weight ratios
for Lhe LAP-treated mice. At the 0.25 and 0.50% LAP levels, the spleen
weight and particularly the spleen-to-body'weight and spleen-to-brair
weight ratios were higher In males and femaler: than iv. concrols. The L.
results of the TNT and other studies have irdicated that these increases
ate most likely related to the treatment., Other weights statistically
different from controls were those for brain, heart, and kidney---ell
were low, but were within nonnal limits; the organ-to-brain weight L
ratios for these organs were not significantly different. The weights
of these organs were decreased in a manner roughly proportional to the
relative depression in body weights of these groups compared with (
controls. Liver weights did not decreese to quite the same degree as
body weights; thus, the liver-to-body weight ratios in three of the
four groups at these levels are significantly high. This may derive I.
from a treatment-related response not discernible in the other parameters.

The kidneys of the females fed 0.05% LAP were smaller than those
of controls. The recorded mean was not outside the normal limits and
no weight ratios involving the kidneys were significantly altered.
Nevertheless, it is possible, considering the trends in these parameters
with dose, that an effect was manifested in this organ by treatment
with LAP at the 0.05% level.

At the 0.005% LAP level, the male heart weight and heart-to-brain
weight ratio confidence intervals differed by 10 to 20% from control
means. However, no statistically significant changes in the t-test were
detected. The citations in the r-test have been attributed to the
normal variability with groups of this size. Therefore, we have
concluded that the 0.005% LAP treatment did not affect any of the
weight parameters measured.
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IJ
Rematology
Tables 239 and 240 present the hematology data for zhe LAP-treated

L. mice at sacrifice. At 0.25 and 0.50% LAP levels, RBC, Hgb, and Hct

tended to be low (significantly so in some cases); MCV, MCHC, and MCH
were not altered appreciably. A slight leukocytosis was seen in some
mice fed the 0.50% level, and it was significant in the femeles.
Reticulocytes were significantly high at both 0.25 and 0.50% LAP in
a manner that was clearly dose-related. Monocytes and eosinophil
differentials were higher in all dose groups. Reticulocytes were also
significantly different in females at the 0.005 and 0.05% LAP levels
(only in the 0.05% level for the r-test). These means, however, agree
with those that we have obtained in other studies. In spite of these
significant differences, it appears that the reticulocyte levels at
0.005 and 0.05% LAP are virtually at the control level. Thus, we
cannot ascribe any toxicological significance to these changes in the

I. females at the two lower dose levels.

Some of the other parameters cited as being different from controls
were also different at the lower dose levels. Female RBC, Hgb, and Hct
and male Hct values at the 0.05% LAP level were between those recorded
at the 0.25% LAP level and those at either the 0.005% LAP or control
levels. Although the values were not abnormal, they may have reflected
a slight trace of anemia in the animals at the 0.05% LAP level.

Histopathology

maleTables 241 and 242 summarize the microscopic lesions found in

male and female mice treated with LAP for 13 weeks. The incidence of. hemosiderosis of the spleen at the two high dose levels was extremely

high in both sexes and was high at the 0.05% level as well. This
unquestionably stemmed from the treatment. Nematode parasites were
found in the colons of 50% or more of the males that received the two
high doses and in the ileum of a smaller percentage; in females, the
occurrence of parasites was restricted to an equal number of controls
and mice at the 0.25% LAP level but not at the 0.50% level. Lymphocyte
accumulations were noted in parenchymal cells of mice at the 0.25%
LAP level but hardly at all at the higher dose, making the relationship
of this finding to the treatmeut also obscure. Various lung lesions
were noted in both males and females at every dose level and in controls.
The higher incidence of chronic respiratory disease in males at the

S i 0.50% LAP level relative to the lower level and to controls examined
was not matched in females at the 0.50% LAP level, which makes an inter-
pretation of the effect as being dose-related somewhat tenuous. In
two high-dose females, hyperplasia of the mucosa in the uterine horns
was observed. In the light of effects on the uterus of female rats
exposed to LAP, this finding, although infrequent, is possibly treatmen.-
related.

In sumwary, the only clearly treatment-related effect in mice wasK hemosiderosis of the spleen at the 0.05, 0.25, and 0.50% LAP levels.
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DISCUSSION AND CONCLUSIONS

Studies in Dogs

Five male and five female baagles were treated with 0.5, 5.0, or
50 mg/kg/day of LAP for up to 90 days. One of each sex was killedafter 4 weeks, and one dog of each sex was killed 4 weeks later after
a recovery period.

At the 0.50-mg/kg/day level, no effects of treatment on any of the
parameters measured were detected. Gross and microscopic examination
of organs and tissues from the treated dogs showed no alterations
attributable to the treatment. Thus, 0.50 mg uf LAP/kg/day is a
"no-effect" level in the dog.

In the dogs that received 5.0 mg/kg/day, most of the alterations
observed were marginal, appeared only once, or could not be clearly
attributed to the treatment. The body weights of females may have
been depressed, but the group was too small to validate this. Signi-
ficantly low MCHC ratio3 and reticulocytosis were observed in both
sexes almost throughout the treatment period, and these conditions
unquestionably were the result of the slight anemia manifested at this
treatment level. The low creatinine values after 4 weeks of treatment
may be treatment-related, and the low SGPT in males after 13 weeks
surely was, because it was pronounced at the high dose.

At the 50-mg/kg/day level of LAP, toxic symptoms were numerous. I
Two dogs died, the male almost immediately. The severity of the
reaction was unexpected, based on the findings from the earlier range-
finding study; but perhaps, in retrospect, it is not surprising in light
of the variability of the susceptibility of individual dogs to TNT
toxicity. 2 3 The dogs stopped eating, their body weights dropped
dramatically, and organ weights also decreased as body reserves were
utilized. Neurological symptoms included grand mal and petit mal
convulsions, inactivity followed by hyperactivity in some cases, ataxia,
hind-leg rigidity, and particularly bobbing and/or swinging of the
head. Red urine and diarrhea occurred, the latter suggesting possible
dysfunction in the gastrointestinal tract. The dogs had a pronounced
normocytic anemia, with reticulocytosis and a slight leukocytosis.
Granulocytosis was almost invariably present, and eosinophils were
low or absent. Among the clinical chemistry parameters, the most
consistent finding was low SGPT; the treatment probably affected the
liver, since changes in SGPT usually reflect changes in the liver. An
interesting observation that also appeared to be treatment-related was
the elevation of triglyceride levels on Week 4, an effect that
disappeared by Week 13, and the opposite development for cholesterol,
which was normal on Week 4 and high on Week 13.

At sacrifice, the dogs had hepatomegaly and, in half the cases,
enlarged spleens. Testicular atrophy was observed in two of the three
high dose males killed while on treatment.
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S- The dogs apparently could adapt to the treatment, at least with
respect to some parameters. Thus, the anemia observed on Week 4 had
so improved by Week 13 that evidence of it in females was absent. This
is not surprising, since the anemia produced by TNT in humans at a
dose near the threshold-effect level is temporary and reversible. 2 1

After the second week, generally the dogs' interest in eating increased,
and some effects (such as the inactivity and diarrhea) faded with time.

Discontinuation of treatment resulted in immediate and full
recovery in food intike anid marked improvement in body weight and in
hematology and clinical chemistry measures. The recovery in hematololcal
parameters and body weight was not complete 4 weeks after termination
of a 4-week continuous exposure to LAP.

The effects of TNT and of LAP on dogs are contrasted in Table 24.`.
LAP produced toxic responses in the dog that were generally similar to,
but more severe than, those produced by TNT. Body weight and food
consumption were suppressed (for a longer period with LAP), moderate
anemia (characterizrtd by low RBC, Hgb, Hct, and MCHC and elevated MCV)
resulted, and SGPT was depressed. Liver and spleen were often enlarged,
and the testes of some dogs were smaller. Granulocytosie, low creatinine,
aied other symptoms (neurological, diarrhea, etc.) were seen in the LAP
dogs but not in the dogs exposed to TNT. These differences may only
be quantitative, because the dogs given LAP received a higher TNTr [level (32 mg/kg/day) at the high dose than did the dogs receiving the
high dose of TNT (20 mg/kg/day). For these reasons, particularly
considering the effect on SGPT but not on SGOT (a unique observation,
based on the literature), we conclude that the TNT in the LAP has a
major and probably dominating effect on the toxicity of the mixture.

* However, some of these differences between the two studies, parri-
cularly in the clinical chemistry results, cannot be explained readily
on that basis alone. For example, triglycerides, but not cholesterol,
were initially affected in the dogs administered LAP, whereas the dogs
treated with TNT alone showed only an effect on cholesterol throughout.

{ Considering that the dose of TNT administered to the LAP dogs was higher,
one would expect correspondingly high cholesterol levels. The same is
true for the elevated bilirubin, decreased iron, and lower A/G ratio
seen in dogs given TNT; these measures were seldom altered in dogs
treated with LAP. Likewise, we found apparent effects on the kidneys
and possibly en the adrenals in the TNT study, which we did not detect
in the organ weights of dogs on LAP. These differences suggest that
all the effects produced in dogs by LAP should not be ascribed solely
to the TNT compound.

Studies in Rats

Rats were treated with 0.005, 0.05, and 0.50% LAP in the diet for
"13 weeks without interim sacrifices. At the 0.005% level, no toxico-
logical symptoms or alterations occurred that were unequivocally
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Table 243

SUMMARY OF EFFECTS OF CONTINUOUS TNT AND LAP INTAKE IN THREE SPECIES

Do~ sRats Mice
Dependent Variable TNT LAP TNT LAP TNT LAP

Body weight + k + 4 + +
Food consumption + + + 4
Adaptation Va If
Rversibility i
Anemia V V V V I /
Leukocytosis V V V
Granulocytosis ILymphocytosis V

PMN/Lymphocyte t
BUN +
Uric acid or creatinine + +
Cholesterol and!ir

-riglycerides t + t +
Biliibin + +
SGPT1  4 4 4
Fe 4
A/G +
Heart 4Liver t t t tc +c

Spleen + + + ÷ + +
Kidneys tc 4 4

Adrenals +c

Testes c,d 1
Hemosiderosis of spleen e /c V C / V
Uterine hypoplasia [
Liver lesions V
Neurological signs V V V
Colored urine V V I 1 1 I
Unscheduled deaths Vf V V V

a - Possible delayed onset of toxicity.
b - Not complete after 13 weeks of treatment and 4 weeks of recovery.
c - Possible effect on.
d - In 2 of 5 males at the high dose level and 1 of 5 controls.
e - In 1 of 5 females at the high dose level.
f - One dog killed early in anticipation of death.
g - On some but not all parameters.
h = Next to highest dose level of females worsened with time.
i = Temporary.
j = Not evaluated.
k - Temporary depression followed at the high dose by excess food intake.
1 = Not significantly lower but atrophy confirmed microscopically.
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attributable to the treaLment. However, we did note an increase in the
severity of the hemosiderosis in Lhe spleens of these rats. Thisobservation needs to be confirmed; the one-year interim sacrifice in

the chronic rat etudy with LAP provides a vehicle for doing so. Pending
the outcome of such additional studies, we consider the 0.005% level
to be a tentative no-effect level.

At the 0.05% LAP level, body weights and food consumption of rats
were depressed and anemia, accompanied by low serum Fe and/or increased
bilirubin and cholesterol, was observed in females. The Incidence of
hemosiderosis of the spleen was increased in these rats compared with
controls, a condition that undoubtedly stemmed from the hemolytic
anemia still detectable. Toxic effects of the treatment were clearly

manifest at this level.

At the 0.50% LAP level, the rats exhibited more extensive and
seve a symptoms. In addition to depre-sion of body weight gain and
food intake, the rats had increased spieen and possibly liver weights,
'with hemosiderosis, testicular atrophy, decreased heart and kidney
weights, uterine hypoplasia, and a normocytic anemia and the accompanying
alterations in serum bilirubin and iron, elevated cholesterol and BUN,
and phosphorus and red urine.

As with the dogs, many similarities were detected betueon the
effects of TNT and LAP on rats. These include deprezsion of body
weight gain and food intake and subsequent retardation of growth;
effects cn spleens, livers, and testes; anemia; and alterations in

p cholesterol levels (Table 243).

However, several differences were apparent. Leukocytosis was
frequently observed in the rats given the high dose of TNi but not ir,
those given LAP. The PMN and lynlphocyte fractions in the leukocytes
were altered after 13 weeks; theqe effects were not seen in rats in the
LAP study. Uric acid was high in both studies after 13 weeks, but nnt
significantly so in the LAP study, whereas hypoplasia of the uterus
was observed in the LAP but not in the TNT study. In the latter study,
SGPT was strongly depressed after 13 weeks of treatment, but no signi-
ficant depression was observed with LAP. However, In the LAP study,
many rats given the high dose hau already died, so the rats surviving
the treatment may not have been as vulnerable to the effects of TNT
in the mixture. Nevertheless, these differencos do suggest that in
the rat as well as in th? dog, TNT is not the sole cause of the toxicity
of the LAP mixtute.

One difference in results between tbc TNT and LAP studies is
especially notcwvrthy. With LAP, many unscheduled deaths (by 1 to 6 weeks)
occurred in the rate at the 0.50% treatment level. This LAP level
contains 0.32% TNT, only slightly higher than the 0.25% used for the
high dose in t'he TNT study. Males and females at the 0.50% LAP level
were depleted on the order of 50% or more befcre the eleventh week;
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no more deaths occutred thereafter. This indicates that a cumulative
effect of LAP or a metabolite was responsible for these deaths. Since
the same effect is observed in mice at the 0.50% LAP level, for which
the LD50 is much higher, the effect is less likely to be directly due
to unmetabolized components. Animals surviving the treatment probably
either were less responsive or were able to eliminate the toxin at a
faster rate than those that succumbed.

The causes of these effects were of interest, and we conducted
some limited studies to clarify them. To determine the cause of the
anemia commnonly observed from treatment, we conducted erythrocyte
fragility tests to ascertain whether TNT (or a metabolite) was causing
hemolysis of the cells. The results of these experiments were negative,,L
suggesting that the anemia did not arise from some direct action of
TNT on the red cell wall.22

Stuiesi were tre~ated at the same dose levels as rats except that an

additional treatment group was given 0.25% LAP. At the lowest (0.005%)
level, no parameters measured were affected by the treatment. Conse-

quently, we regard this as a "no-effect" level in this study.

At the 0.05% LAP level, both sexes had lower body weights (which
did not result from low food intake), a trace of anemia, hemosiderosis
of the spleen, and red urine.

At the two highest LAP levels, the effects were similar. Body weight
and food intake were both suppressed. However, the mice ate more as 3
the study progressed. Spleens were enlarged, with hemosiderosis evident,
and a mild anemia, coupled with pronounced reticulocytosis and mild
leukocytosis, was a correlative.

Mortality in mice was much higher at the 0.50% LAP level (40 to 50%
mortality during the 13 weeks) than at the 0.25% dose level (5 to 15%
mortality). Again, a cumulative effect of the LAP treatment was i
suggested, but death generally occurred sooner in mice than in rats at
the same dose level. Of the many possible explanations for this

differ~ence, the most intriguing is that a cotmmon TNT metabolite is
responsible and that it is produced and accumulates faster in mice
than in rats.

Table 243 presents the comparative effects of the TNT and LAP
treatments in mice. In most respects, there are no 'notable differences.
One difference, however, is that in contrast to TNT-treated mice, mice f
treated with LAP at the highest dose levc2. not only overcame an initial
aversion to the diet but within a few weeks were eating more than were
mice in any other group. ThIs again may be quantitatively related to

the dose in that the LAP high dose contained 0.32% TNT by weight, or4
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Part 3

about 2.5 times higher than the TNT high dose. This differe:ace in TNT
content at the high dose could also explain the leukocytosils in TAP-
treated mice, but not the change in PMN-to-lymphocyte rat.o in those
treated with TNT. Table 244 summarizes the no-effect lerels found for
both TNT and LAP in the three species tested.

Table 244

"NO OBSERVABLE EFFECTS" LEVELS IN SUBACUT% TOXICITY STUDIES

TNT LAP
Animal mg/kg/day (w/w) in Diet mg/kg/day % (w/w) in. Diet

Dog 0.20 0.50

Rat -- 0.002 -- 0.005*

Mouse -- 0.005 -- 0.005

IJ

* Tentative.

"Two-Year Chronic Studies

On the basis of this work, the dose levels tentatively recommended
for the 2-year chronic study in rats or mice are 0.0032, 0.032, and
0.32% LAP in the diet. These levels contain the same amount of TNT as
proposed for the TNT study and therefore would allow some inferences
to be made about whether TNT is responsible for any tumors observed in
the LAP study. The high-dose LAP level in rats would be the highest
tolerable, and therefore the most likely to permit detection and
quantitation of tumors. This dose is not close enough to the 0.50% LAP
level to result in too many deaths from the treatment during the lorg-
term study. This conclusion is derived from the mortality in the mouse
study and from the steepness of the response in rats to dose in the
acute oral LD50. We think that this selection of dose levels is satis-
factory, based also on the low mortality (5%) in the 28-day rat study
(Part 4) at the 0.3% LAP level. The 0.0032% LAP level is lower than the
0.005% level at which LAP appears to aggravate hemosiderosis in rat
spleens, and therefore is less likely to produce this effect in the
chronic study.
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Part 3

Water Quality Criteria [
As in the case of TNT, data on human exposure and on long-term

mammalian toxicity of the LAP mixture for use in establishing water
quality criteria do not exist. In the absence of such data, a suggested
approach is to extrapolate interim limits from toxicity studies on a
representative mixture of the LAP components in water effluents. This
alternative is adopted here in order to calculate maximum concentrations
for the effluent that can be considered to minimize risks of adverse
effects to the human populations.

For purposes of making the calculation, the approach proposed by
the Environmental Protection Agency for nonstochastic effects is used. 3 4

The highest clear "no observable effect levels" for the LAP mixture in

the three subacute studies were 0.5, 3.57* and 8.28t mg/kg/day from the
dog, rat, and mouse data, respectively. Using the same uncertainty
factor of 1000 as was used earlier (Part 2, Discussion and Conclusions),
the corresponding ADIs are 0.5, 3.57, and 8.28 ug/kg/day.

The bioconcentration factor (R) for RDX has been experimentally
determined. Bentley and co-workers 3 7 reported a value of 4.7 for bluegill
muscle after exposure of the fish to RDX for 28 days. This value is I
less than half that calculated for TNT. Since the ratio of TNT to RDX
in LAP is 1.6:1, R for LAP is (11.5 x 1.6/2.6) + (4.7 x 1/2.6) or 8.9.
Using Equation 1 for calculating C as before (Part 2, Discussion and
Conclusions), the calculated water concentrations for LAP are 16.2,
115, and 268 og/liter (ppb) from the dog, rat, and mouse data, respectively.
Thus, thiere is nearly a 17-fold range among the calculated water con-
centrations, depending on the species used as a reference.

Since LAP(I) contains only 0.32% TNT and 10% RDX, and since the V
constituents making up the remaining 90% of LAP(1) and their bioconcen- I,
tration factors are unknown, no water concentration values for LAP(I)
can be calculated.

From Tables 217 and 218.

t From Tables 253 and 254.
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CABLE 175

EFFECTS OF LAP ON FOOD CONSUMPTION (G/ANIHAL/DAY)
OF HALF DOGS DURING 13 WEEKS OF TREATMENT

1.1
TREATMENT GR -PS

DEPENDENT CONTROL 0.5 5.0 / " :0,0
VARIABLFS GROUP MG/KG/DAY HG/KG.DgY 44G..KG/DAY

WFFK 1 385.2 400.0 400.0 194.7

WEEK 2 397.6 393.1 400.0 130.9

WEFK 3 398.2 395.5 400.0 145.6

WEEK 4 400.0 398.5 400.0 216.6

WFFK 5 400.0 400.0 400.0 400.0

WFFK 6 400.0 381.7 400.0 383.4

WFFK 7 400.0 372.6 400.0 400.0

WEFK 8 400.0 390.3 400.0 390.2

WFEK 9 400.0 400.0 400.0 400.0

WFFK 1O 400.0 400.0 400.0 400.0

WFFK It 400.0 400.0 400.0 400.0

WFEK 12 460.C 400.0 400.0 400.0

WFFK 13 400.0 400.0 400.0 400.0

FNTRIFS ARF MFANS. GROUP N SAME AS IN BODY WEIGHT TABLE.
LAP WAS ADMINISTERED DAILY BY CAPSULE

I
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TABLE 176

EFFECTS OF LAP ON FOOD CONSUMPTION (G/ANIMAL/DAY)
OF FFMALE DOGS DURING 13 WEEKS OF TREATMENT

TREATMENT GROUPS

DEPENDENT CONTROL 0.5 5.0 50.0
VARIABLES GROUP MG/KG/DAY MG/KG/DAY MG/KG/DAY

WFEK 1 313.4 370.5 347.8 105.2

WEEK 2 282.8 343.0 357.4 17.8

WEEK 3 306.6 345.4 356.9 124.7

WFFK 4 351.0 353.5 356.2 306.2

WEEK 5 365.3 357.7 341.3 389.2 1.
WFFK 6 360.1 378.5 373.3 260.5

WEEK 7 340.6 352.6 337.2 274.6

WEEK 8 359.9 347.6 345.6 251.9

WEEK 9 360.1 338.0 304.4 353.5

WEEK 10 391.6 375.3 392.3 334.7"

WEEK II 380.4 363.7 392.8 340.3

WEEK 12 361.8 367.4 400.0 291.7

WFFK 13 400.0 367.9 400.0 366.2

FNTRIFS ARE MEANS. GROUP N SAME AS IN BODY WEIGHT TABLE.
LAP WAS ADMINISTERFD DAILY BY CAPSULE
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It
TABLE 181

I. EFFECTS OF LAP ON ORGAN WEIGHT (G),
ORGAN-TO-%O•Y WEIGHT RATIOS (0/10/ AND ORGAN-TO-BRAIN WRIGHT RATIOS (0/0)

OF MALE DOGS AFTER 4 WEEKS OF TREATMENT AND 4 WEEKS OF RECOVERY

TREATMENT GROUPS

DEPENDENT CONTROL 0.5 5.0 50.0

VARIABLES GROUP MO/KG/DAY MG/KG/DAY MG/KG/DAY
------------------------------------------ ----- --------- --------- ---------

FINAL WEIGHT (KG) 7.90 10.50 10.50 10.60

BRAIN 89.60 89.10 76.80 79.90

THYROID 1.09 .95 .98 1.00

HEART 63.90 107.60 95.00 98.30

LIVER 243.70 349.10 310.90 371.80

SPLEEN 16.00 25.70 24.10 28.00

D ADRENAL 1.35 1.36 1.77 1.48

KIDNEYS 40.40 52.10 53.70 67.00

" TESTES 12.90 22.30 15.20 10.80

BRAIN/BODY WT. 11.34 8.49 7.31 7.54

THYROID/BODY WT. .14 .09 .09 .09

HEART/BODY WT. 8.09 10.25 9.05 9.27

LIVER/BODY WT. 30.85 33.25 29.61 35.08

SPLEEN/BODY WT. 2.03 2.45 2.30 2.64

ADRENAL/BODY WT. .17 .13 .17 .14

KIDNEYS/BODY WT. 5.11 4.95 5.11 6.32

TESTES/BODY WT. 1.63 2.12 1.45 1.02

THYROID/BRAIN .01 .01 .01 .01

HEART/BRAIN .71 1.21 1.24' 1.23

LIVER/BRAIN 2.72 3.92 4.05 4.65

SPLEEN/BRAIN .18 .29 .31 .35

ADRENAL/BRAIN .02 .02 .02 .02

KIDNEYS/BRAIN .45 .58 .70 .84

TESTFS/BRAIN .14 .25 .20 .14

ONE DOG IN EACH GROUP
LAP WAS ADMINISTERED DAILY BY CAPSULE

259
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TABLE 152

EFFECTS OF LAP ON ORGAN WEIGHT (G),
ORGAN-TO-BODY WEIGHT RATIOS (G/KG) AND ORGAN-TO-DRAIN WEIGHT RATIOS (G/G)

OF FEMALE DOG$ AFTER 4 WEEKS OF TREATMENT AND 4 WEEKS OF RECOVERY

TREATMENT GROUPS

DEPENDENT CONTROL 0.5 5.0 50.0
VARIABLES GROUP HG/KG/DAY HG/KG/DAY HG/KG/DAY

FINAL WEIGHT (KG) 9.20 10.20 12.20 9.10

BRAIN 85.80 82.00 86.30 76.00

THYROID .88 1.13 .96 1.12

HEART 88.20 99.50 95.60 97.70

LIVER 315.00 291.00 371.90 305.90

SPLEEN 49.90 43.30 35.60 27.70

ADRENAL 1.04 1.36 1.31 2.20

KIDNEYS 40.00 45.00 47.20 49.00

GONADS .79 .96 1.50 .61

BRAIN/BODY WT. 9.33 8.04 7.07 8.35

THYROID/BODY WT. .10 .11 .08 .12 E

HEART/BODY VT. 9.59 9.75 7.84 10.74

LIVER/BODY WT. 34.24 28.53 30.48 33.62 [
SPLEEN/BODY WT. 5.42 4.25 2.92 3.04

ADRENAL/BODY WT. .11 .13 .11 .24

KIDNEYS/BODY WT. 4.35 4.41 3.87 5.38

GONADS/BODY WT. .09 .09 ,i2 .07 J
THYROID/BRAIN .01 .01 .01 .0,

HEART/BRAIN 1.03 1.21 1.11 1.29

LIVER/BRAIN 3.67 3.55 4.31 4.02

SPLEEN/BRAIN .58 .53 .41 .36

ADRENAL/BRAIN .01 .02 .02 .03 •

KiDNEYS/BRAIN .47 .55 .55 .64

GONADS/BRAIN .01 .01 .02 .01

ONE DOG IN EACH GROUP
L AP WAS ADMINISTERED DAILY BY CAPSULE
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TABLE 2.91

FFFFCTS OF LAP ON HEFMATOLOGY OF HALF DOGS
AFTER 4 WFFKS OF TRFATNFFT AND 4 WEEKS OF RFCOVFRY

TRFATNFNT GROUPS

IIFPENUFNT CONTROL 0.5 5.0 50.0

VARIABLES GROUP MG/KG/DAY MG/KG/DAY HG/KG/DAY

RBC (X 106) 25.7 4.4 13.5 1O.u

HGB (G 1) 5.90 6.37 5.94 6.18

IICT (1) 3.7 14,2 14.7 14.3

mCV (U) 3  
40.3 41.5 42.8 42.5

'tC H (1UG) 68 65 72 6&

MCHC (Z) 23.2 22,1 2'-.5 23."

SWBC (x 103) 34.1 34.1 34.3 33.S

P,9 (%) 77 53 Al 5n

BANDS (l) S 0 2 0

"LYkIPII (%) 9 2V 22 35

MONOW (Z) I 54 8

"FOSIN (5) 5 ý4 II 7

BASO ()0 n

F'rTIS (%) 0.8 O.0 0., 0.:

ON.F DOG IN FACCH GROUP
LAP iWAh ADMINISTFRFD DAILY BY CA.'SULF

I
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TABLF 192

rFPFCTS OF LAP ON HFMATOLOGY OF FFKALF DOGS
AFTFR 4 WPFICS OF TRFATMNT AND 4 WFFKS Of RFCOVFRY

TRFATMFNT GROUPS

DFPFNDFNT CONTROL 0.5 5.0 O.0
VAR:ABLES GROUP %G/KG/DAY HG/KG/DAY MG/KG/DAY

Risc (X 106) 12.6 11.9 9.8 7.-s

HGb (G %) 6.95 6.32 6.03 5.67

iicr (.) 16.1 15.2 14.7 13.1

MCV (U)3 46.3 44.2 42.8 39.0 14

MCI[ (UUG) 67 69 70 68

MclIC k%) 23.1 23.8 24,0 23.0

WBC (X 103) 3'4.9 34.4 34 4 33.6

PMN () 56 68 55 53

BANDS ( ) 0 0 0 0

LYMPH (14) 34 17 40 39

MOiNO (Z 6 931

FOSIN U) 4 6 2 7 .:

ASO (M 0 0 0 0

R!1T I "S (,i) 0.0 O.tV 0.0 0.1

ONF DOG IN FACII GROUP

LA! WAS ADNINISTFRFD DAILY BY CAPSULF

l270
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TABLF 201

FFF*CTS OF LAP ON CLINICAL CKFMISTRY OF MALF DOGS
AFTFR 4 WFFKS OF TRFATMFNT AND 4 WfIFKS OF RFCOVYRY

TKrATMFNT GROUPS

DFPFNDFNT CONTROL 0.1 5.0 50sol

VARtA&LFS GROUP MG,'KG/DAY MG,'KG/DAY MG/KG/DAY

I GLUCOSr (MG 2) 84 94 94 94

BUM (MG 1) 19 is Is 9

CRFAT (MG .) 0.. 0.7 O. 0.7

URIC ACID (MG 0.) 0.4 0.2 0.3 0.4

NA (MFQ,'L) 145 14$ 147 147

K (MFQ,'L) 4.9 5.2 S.0 4.6

C2O (MFQL) 20 20 23 22£CL (NFQL) 113 113 113 113

CA (MG ") 9.9 10.1 10.5 10.5

P (MG %) 4.6 14.2 4.1 4.b

NA-(C L+4:0 2 ) 12 12 I I 12

CHOL (MG 1) 1M 187 175 133

TRIC (01C 2) 12 1( 23 14

BILl (MG .) 0.1 0. n.1 0 I

O (M U,'MNL) %2 45 37 38

SGPT ( MU;NL) 36 10 38 01

vALK-P (MU/NL) 135 1 54 118 69

I ••.'N (M C"C 1 91) 17"3 2'.% i s34

PRO'TFI ((; I ) S.9 5.8 6.4

ALBUMIN (GM ;) 2.7 2.? 1.1 3.1

GLOKULIN (GM ".) 3.2 1.1 l•3 2.g

A,'/ RATIO 0.84 (1.87 fln0 ,11

ONF DOG IN F\CII GROUP
LA' 114AS AW,1 ItNISTFRFD 11AILY KY CAPSUt v
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TADL? 2()2

FFFFCTS OF LAP ON CLINICAL C'HI•MISTRY OF PFMALF DOGS
AFTFR 4 WFFKS OF TRFAThFNT AND 4 WF.PKS OF lFCOVFRY

TRFATI4FNT GROUPS

DFPFNDFNT CONTROL 0.5 5.0 50.0 V
VARIAILES GROUP G/IKG-.I)AY GC/KG/DAY NG,/KG,/D1,

---------------------------------------------- ------- --------- --------- ---------

GLU,'0SF (MCG ) 1O0 97 Rq 97

BUN (01 G) 20 1 14

CRFAT (HG %) 0.8 0.8 0.6 0.7

URIC ACID ( ".G I ).3 0.2 0.1 ().2

NA (MFQ/L) 14S 147 146 148

K (mFQ.'L) 4.5 4.8 4.6 5.2

COl 'I4FQ'L) 21 21 24 25

"L (Nl IQ/L) 114 11f, 112 114

CA (MG 1) 10.4 10.5 [0.b 10.4

P (m; c ) 4.3 4.4 4.4 5.5

,MA-.( C L+Cl,, 13 In) 1 L
CHOL (MG t) 128 130 236 119

TRIG (4G 8) 8 16 63 21

%ILI (MG I,) .1 .1 0.1 t.,

SCOT (,U,'ML) 46 28 32

SUIPT '.MU,'•ML) 13 33 22 20

LDll ( ,IV.'\L) 76 64 97 4,?

ALR-P (NU,'ML) 78 139 1 13 65

IRON (mCG 1.) 165 152 292 211

PROTiFIN' (CM' 5- .5 5.T 5 .8 i.7

ALBUMIN (GC m) 2.9 2.i 3.0 3.0

GLOBULIN (CM 1) ",( 2.t 2.8 2.7

A,'G RVrI I .12 ,.O. I .C'7 I. II

ONF tOG IN l ACt GRO'VP

LAI' -\4AS AMI)NIISTFRFD DAILY BY CAPSULF
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FFFFCTS OF LAP ON FOOD COUNSUMPTION WGANIHAL.'DAY)

LDFPPNDFNI CONTROL -------------

VARIAALF GROUP .005 2 0.05 0 o5

1FK 26.60 24.30 23.26 10.2,

WFF 425.81 24.51 230 .6

JSK 2.81 24.63 23.99 11.96

jFK 26.02 2S.22 24.15 13.06

W~K724.08 24.83 21.71 13.21

wfx827.79 23.91 23.50 14.26

W FK925.86 24.61 23.97 12.76

WEEK :0 25.92 24. 70 24.01 15.70

i [WFKK II 25.64 25.71 24.6R 15.73

WEF.K 12 22. 58 24. 78 23. 74 14.63

1WEEK 13 24.11 24.8 1 2 5. 31. 17.S9

FNTKIFý ARE MEANS. GROUP N SAMF AS IN KODY WFIGHT TABLES.

iL



TAILF 214

rFPFFCTS OF LAP ON FOOD CONSUMPTIUN (G.'ANINAL:ODAY)
OF PERALF RAT~S DURING 13 WPFFK3 OF TRPATMNTN

TRFATNFNT GROUPS
DPPFNDP.NT CONTUROL --------;---- ----
V ARIA Lr G OUP .005 2 0.05 L 0.5

WFPR 1 16.82 16.44 13.90 3.97

wrrx 2 19.13 18.11 16.02 8.56

WFER 3 22.20 !7.98 16.53 9.64

w4FPR 4 19.49 17.76 16.44 10.41

WFFK 3 21.49 18.25 16.72 10.391.

621.17 18.59 17.27 10.49

WFFX 7 lft.14 17.99 16.94 9.110j

WFTK 8 24.44 17.44 18.14 10.37

WPIK 9 22.S2 18.24 16.71 10.77

WFFK in 23.93 17.44 15.96 11.66

WFFK 11 24.26 18.42 17.20 15.52

WFPK 12 19.62 16.73 16.54 11.15

WFFK 13 20.36 17.28 16.76 12.05.

FNTRIFS ARF MFANS. GROUP N iAMF AS IN BODY WFIGHT "ABIJ.~S

J

292



06 1
I'

!bi
r 0

swu 6t *mQ4t
I- aI In I-4 . 4 N - * 4 0 . .

CCr

ii

is U1.4 I.4

- • m,-, m• • +1 +1++1 4,1+1 4141++I"1 +1 +t "1 +1

I- o4 . 4wI . ~ 4

I I

r. -4

S• +1 +1 +"1 +1 +! +1 +1 +11 +1 +1 +'1 +l +1 "

.9.

CmW
- le

le. zz I
rn-I

.4,'

Cli; C. I * N C m I!, I

. 1 . it CN

%1 IA W w z' N, N N z4 1.4 S4 UU., .4

- c;

L . 4

['2 .....

0. w. Ow

S... . ... , .

S....... ... 0 i.i .i4"1 .... 4 - 91

.4 b, w M

9' .4 9 N N .4 9 . 42934 . .



I N

F I

t 4 t 4 4 4 4t 4C 41 N 4 N

P 4 ob W, i n 4 4 4 .

1*41 . 4

++ ÷ 1 +1 +1 + 1 + 1 + ÷1 1 ÷1 +1 ÷
W4 - s4o 4 * 4 4 4

I 3t I 4t 4 4

I 4 1 44

•WN

I I
it I

w. IL
*4 4 1.1 4 ..4

° t

04

V4• W! II

Ci

a- le

*.aId 1 0 1 It! 4 4 4 4 4 4

+i4 0 1 4j +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 41

to a, 1 D t

44 I

1 0 4 I I

Id m Id 29
wN

I294



L]

TABLE 217

...DSS OF LAP (NOI/KG (BODY VT)/T)AT) IN DIETS •,ONSUMElI BY
A.ALF, RATS MIrRING 13 ITErKS OF TREAT14ENT

TRF.ATMFNT (GROUPS
-------------------------------------------------------------------------------------- ----------

DEP£NDEIIT .005 z .05 .50 Z
VARIABLF IN DIET 13 DIRT IN DIRT

------------------------------ ------ 1----------------------------------------------------------

WEEK 1 4.82 44.6 194.6

W.•V 2 4.64 45.5 373.5

t'FV• 3 4.17 41.2 338.0

r
WEEK 4 3.81 36.6 381.5

WEEK 5 3.54 35.5 316.3

TEP.K 6 3.45 33.3 320.2

WEEK 7 3.21 31.0 312.1

%IPF Y 2.94 29.2 300.2

V4.E r . 9 2.92 28.6 266.6

IEEK 10 2.84 27.6 260.0

rIXEK 11 2.89 27.6 307.6

.PFEV 12 2.70 25.9 278.3

lIEK,' 11 2.74 28.0 340.4

I.

SI
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TABLE 218

DOSES OF LAP (Va/KG (BODY 'AT)/DAT) I"' DIETS CONSUMED BY
FEMALE RATS DUPING 13 1Ep'EEs OF TREATMENT L

TREATMENT GROUPS .

-------- ..------------------------------ . (.-
DEPENDENT .005 2 .05 2 .50 2
VARIABLE IN DIET IN DIRT IN DIRT

WEEK 1 4.94 48.1 1.8' .0

WEEK 2 4.78 45.8 357.3

WEEK 3 4.28 41.9 363.2

WEEK 4 3.95 31.7 365.0

FEEK 5 3.87 37.1 341.1

WEEK 6 3.82 37.3 324.0

%TrRK 7 3.51 35.0 307.9

tFEK 8 3.28 36.0 267.5

lltEK 9 3.33 32.0 304.6

WEEK 10 3.12 29.9 322.2

itERK 11 3.23 31.9 407.0

IWEEK 12 2.f9 30.2 26A.7

IJE K 13 3.07 31.5 31 F.4,
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ttIL
O TABLF 231

FFFFCTS OF LAP ON FOCD CONSUHPTION (G/ANIMAL/DAY)
OF MAL? MICE DURING !3 WFP.FS OF TREAT4MNT

TREATHENT GROUPS
DEPENDENT CONTICL -------------------------------------
VARItABLE GROUP .005 % o.s5 % 0.25 % 0.5

WEFEK I 3.0f) 3.95 3.24 2.67 2.09.

WF K 2 4.42 4.77 4.01 3.35 2.73

I*WEFK 3 3.11 4.86 4.08 3.46 3.84

WFFK 4 4.87 5.14 4.1.1 3.3) 4.6S

WF;7K 5 4.88 5.85 4.66 4.15 4.62

WFEK 6 4.86 5 .53 4.89 4.31 6.63

WFEK 7 4.56 5.71 4.96 4,49 6.24

" Wr.K 8 4.84 5.18 4.51 4.72 6.10

WFFEK 9 5.45 5.86 5.01 5.99 6.24

T WFFK IO 5.13 5.78 4.87 5.27 5.71

WFFK I1 5.08 5.26 4.57 3.95 5.38

41 WFEK 12 5.31 5.82 4.79 4 .74 5 .44

WI1FK )'1 5.1.6 5.62 5.26 4. 70 5 1,

S .FNIRIFS ARP MFANS. GROUP N SAMF AS IN BODY WEIC4T TABLFS.

I 3.
iI

I.

I' -
4[ 313i

/1 ..



TABLE 232 L
EFFECTS OF LAP ON FOOD CONSUHPTION (G/ANIMAL/DAY)

OF FFMALE MICF DURING 13 WEEKS OF TRFAThFNT

TREATMENT GROUPS
DEPENDENT CONTROL --------------------------------------
VARIABLF GROUP .005 2 0.05 2 0.25 Z 0.5 %

WFEK I 3.37 3.14 3.28 2.78 1.97

WEEK 2 3.70 3.86 3.12 3.43 2.25

WEEK 3 3.25 3.71 3.75 3.58 2.81

WFFK 4 4.21 3.93 3.74 4.16 3.83

WEEK 5 4.33 4.72 4.26 4.20 2.92

WEEK 6 4.27 4.53 4.50 4.40 5.57

WFFK 7 4.15 5.11 4.72 5.04 8.07

WFFK 8 4.20 4.10 4.38 4.70 6.46

WEEK 9 4.61 4.80 4.62 5.60 7.31

WEFK I1 4.47 4.71 4.56 5.10 7.11

WEFK II 4.08 4.01 4.00 4,42 5.31

WEEK 12 4.22 4.82 4.38 4 .72 6.39

WFFK 13 4.68 4.73 4.28 4.65 6.72

ENTRIFS ARF MFANS. GROUP N SAME AS IN BODY WFIGHT TABLFS.
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iPART 4 - SUBACUTE ORAL TOXICITY STUDIES ON LAP(I) (PHASE II)

INTRODUCTIONL

This section describes the results of a 28-day subacute oraltoxicity study of LAP1(1) in rats. The study was conducted (1) to define
the toxicological response of these animals to repeated doses of the
irradiated mixture and (2) to compare its potency with that of the
unirradiated mixture from which it was prepared.

L PROCEDURES

e A total of 104 Sprague-Dawley rats (approximately 6 to 7 weeks old,
equal number of each sex) were received from Simonsen Laboratories
and divided into five groups as follows. To assign animals to groups,
all the rats of each sex were weighed and placed in cages by weight,
each cage covering a range of 5 g in body weight. After all the rats
were distributed in this way, the number in each weight range was
counted and redistributed among the dose level groups, starting with

L" the lowest weights first and working upward to the highest, in such a
way as to yield approximately equal mean body weights for each group.
The animals were marked, reweighed, and placed in their new cages
(three followed by two to a cage) for the experiment. Each experimental
group consisted of 10 males and 10 females; the extras were discarded.

The treatment and dose levels for the groups were as follows:

* LAP(I) at 0.003, 0.03, and 0.3% by weight in the diet;

LAP at 0.3% by weight in the diet, serving as a reference
and positive control;

. Negative control group, fed the same rodent chow untreated.

A diet containing 0.3% LAP(I) in the feed was prepared by mixing
34.5 g of the irradiated mixture with 11,465.5 g of the powdered chow*
in a large rotary mixer for 15 minutes. A portion of this diet was

M Powdered Purina Rodent Laboratory Chow 5001.
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Part 4

further diluted with the chow to form the 0.03% LAP(I) diet in. the
mixer. The procedure was repeated, using a portion of the 0.03% LAP(I)
diet to form the low dose. The LAP dict was prepared as described in
Part 3 Procedures. All treated diets were made up fresh biweekly and
stored in tightly capped polyethylene containers in a dark refrigerator
until use. The diets were given to the rats in covered hanging feeders
within their cages. Food additions or changes were made weekly. Water
was available ad libitum.

Animal identification procedures, the quarantine period, animal
housing, test methods (body weight, food consumption, organ weights,
hematology, blcoo chemistry, and histopathology) were as described in L
Part 2 Procedures, except that the blood chemistry determinations were
made at SRI by the methods described in Appendix 4.

Me rats were deprived of food for at least 16 hours prior to
sacrifice. Immediately before sacrifice, each rat was injected i.p.
with Z 0.5 ml of Pentothal (sodium thiopental). After anesthetization,
approximately 8 cc of blood was withdrawn by cardiac puncture directly L
into a 10-cc syringe and transferred in two portions into a 2-ml.
Vacutiiner with EDTA additive for hematological analysis (CRC, including
reticulocytes, hemoglobin, and hematocrit and, at the high doses, [
Heinz bodies) and int3 a 6-ml Vacutainer with no additives for deter-mination of clinical chemistry.

Analysis of the LAP(I) feed was conducted as follows: Ten to
twenty g of the feed was stirred in dichloromethane (100 ml) for 2 to 4
hours. This extracted solution was then filtered through an acid-

Li washed Celite pad, with the flask and filter pad being rinsed three L
times with dichloromethane. The filtrate was passed through a chroma-
tographic column containing : 4 in. of 5% deactivated Florisil, topped
with = 1/2 in. of anhydrous sodium sulfate. The column was also washed
with dichloromethane. This solution was evaporated to dryness and I.
then redissolved in 3 ml of dichloromethane and 2 ml of methanol. The
solution was then ready for quantitation via the external standard
method.

Since the pink water residue consists of several components, RDX
was chosen as a representative component and quantitation was therefore
based on the amount of RDX present in the feeds. RDX was found to
consist of 6% of the pink water residue; this was based on a w/w
relationship. The actual contents in the feed samples, determined in
this manner, were 0.22% for LAP, and 0.0028, 0.027, and 0.23%,
respectively, for the low, mid, and high doses of LAP(I).
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i Part 4

RESULTS

Observations

In general, the rats on the LAP(I) diets exhibited no visible
signs of toxicity. One male at the 0.003% dose level appeared emaciated
over the last 8 days of the study and a second male at the 0.03% levelhad that appearance on the last three days. The latter animal also had
rales on two of those days. The weights of these animals at sacrifice

were 212 and 165 g, respectively, well below the mean weights for
these groups. Occasionally, rales or sneezing were observed in
individual rats but the frequency of occurrence in the groups did not
form a pattern that was treatment-related. One female at the 0.3%
LAP(I) level died overnight on Day 8; its body was partially autolyzed) •when found.

One male in the untreated control group was found dead on Day 11
and was in a partially cannabIlized and autolyzed state. This animal

, had had dyspnea on the two days preceding death. All positive control
LAP rats had slightly discolored (red) urine beginning at the start of
treatment and continuing throughout the study.

Body Weights

Tables 245 and 246 present weekly body weight data for the rats.
Those fed the LAP diet had significantly lower body weights (p < 0.01;
r test--B for males, A for females) than controls did throughout the
4-week test period. Males fed the diet containing 0.3% LAP(I) were
also significantly lower in body weight than untreated controls, but
not to the same degree as those treated with LAP; this observation is
reinforced by the absence of any citation in the r-test for the LAP(I)
rats. Females at the 0.3% LAP(I) level were also lower in body weight
than controls, but not significantly so.

The mean body weights for LAP(I)-treatei males at the lower dosea
also tend to be low, though not significantly, suggesting a dose
response at these levels. There is a high degree of variance to these
measurements, however, leading to a statistical citation in the
Bartlett Chi-square column on Weeks 3 and 4. This increased variability
results from the failure of one male in the 0.003% LAP(I) group to
gain weight and from an actual weight loss by one male in the 0.03%

(. group during this period (the same males noted above as appearing
emaciated at the end of the treatment period). Since each male was
paired in a cage with a second one that gained weight at or above the

I.. highest rate of any other in this group, consideration must be given
to the possibility that the lower weight of these two rats results

from male dominance by their partners rather than from the treatment.
Consequently, the effect of LAP(I) treatment on body weight is clearly
demonstrated only at the high dose.
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Tables 247 and 248 preseut weekly body weight differences for
these rats. The calculations show d significantly low growth rate
during the first week for both males and females at. the 0.3% LAP(I)
level, with resumption of a more normal growth pattern thereafter.
Fats at the 0.3% LAP level lost substantial weight during the first
week; thereafter, they increased their weights but, except for females
during Week 4, at a slower rate than rats given the LAP(I) diec.

Food Consumption

Tables 249 through 252 present the weekly food consumption data
for the rats on study. Food inrake per animal (Tables 249 and 250)
fed the 0.3% LAP(I) diet was lower at each recording than intake for
controls (significantly so in half the cases). However, food intake
calculated on a body weight basis (Tables 251 and 252) was significantly
low during the first week only, recovering essentially to control
levels within one to two weeks thereafter. These data parallel the
cbservations made on body weight differences (Tables 247 and 248) and
indicate that the rats at this LAP(I) level did not use their food as
efficiently for growth during Week 1 as did the controls. In contrast,
rats given the 0.3% LAP diet had the lowest food consumption of any
group during Week 1 and consumption remained lower on almost every
week thereafter.

Tables 253 and 254 provide the calculated doses of LAP(I) consumed
weekly by the rats during this 4-week study.

Organ Weights

Tables 255 and 256 give the mean organ weights and organ-to-body
and organ-to-brain weight ratios for the treated and control rats.
The LAP rats had siguificantly lower kidney and heart weights and
organ-to-brain weight ratios. Several organ-to-body weight ratios were
significantly high due to the low body weights for these rats. The
liver-to-brain weight ratio was significantly low for the males but not
for the females. These effects on heart and kidney but not liver
were also observed in rats treated for 13 weeks with 0.5% LAP (Tables
219 and 220).

In contrast, no alterations were seen in any parameter for LAP(I)-
treated groups that might be attributed to the treatment. The brain-
to-body weight ratio for males did increase as dose was increased, but
this change was undoubtedly due to a corresponding decrease in body
weights for these groups and not to an effect of treatment on the
brain. The testes-to-body weight ratio was also slightly higher than
the control ratio for the same reason.
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Hematology

Tables 257 and 258 present hematological determinations on the rats
at sacrifice. As before (Tables 221 and 222), LAP increased MCV and
decreased RBC, Hgb, and Hct; other microdeterminations were'not signi-I ficantly altered. Percent PMN was lower and percent lymphocytes was

F "higher in these blood specimens (significantly for males) than in
untreated controls. Rats treated with 0.3% LAP also had slightly
elevated percent of reticulocytes (statistically significant for
females).

For LAP(I) rats at the 0.3% dose level, RBC, Hgb, and Hct were
lowered but not to the same extent as for LAP, and only Hct for males
and Hgb for females were cited statistically. The only other citation
at this level was the low percent of PMN for females, but both the
percentage and the total counts were within the normal range. WBC

V for males at the 0.3% level was high compared with the value for
untreated controls, but neither abnormally nor significantly so.
Alterations cited in other groups [e.g., percent of atypical lymphocytes
for males and percent eosinophils for females at the 0.003% LAP(T)
level] were attributed to variations in these particular groups &_;d not
to the treatment.

Clinical Chemistry

Tables 259 and 260 give the clinical chemistry on the sera of the
rats at sacrifice. As expected, the LAP rats exhibited high cholesterol
levels (p < 0.01). Among other changes noted were significantly high
albumin and low glucose in females and significantly high SGOT in males
(p < 0.05 for each parameter). In contrast, LAP(I) was without any
significant effect on the clinical chemistry.

His topathology

Tissues from all rats in each group were examined microscopically.
The results are summarized in Tables 261 and 262. Noticeable though
slight foci of lymphocytes occurred with greater frequency in *he
livers of males at the 0.3% LAP(I) level and of females at both the
0.03 and 0.3% levels than in other groups. This may possibly reflect
a response to the treatment.

Leukocytes were present in the tracheal lumen of five males at
the 0.3% level and of three males at the 0.003% level; no females were
thus affected, however. Almost all the animals with this responseL also had tracheitis, a common observation in rats; since all groups,
including controls, were similarly affected, an association of these
leukocytic deposits with the treatment is obscure. Chronic respiratory
disease was prevalent in all groups to approximately the same extent
(50 to 80% of the rats in each group); this observation therefore was

A not treatment-related.
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In regard to the rats treated with LAP, seven of the males and
eight of the females had hemosiderosis of the spleen after 4 weeks of
treatment. This condition, also found in the earlier study (Part 3),
was attributable to the treatment. Uterine hypoplasia was not observed
in the LAP females, as it was when females were treated for 13 weeks
with 0.5% LAP in their diets (Part 3).

DISCUSSION AND CONCLUSIONS

Ten male and ten female rats each were treated with 0.003, 0.03,
and 0.3% LAP(I) in the diet for four consecutive weeks. The toxic
symptoms observed were compared with those exhibited by 10 male and
10 female rats concurrently treated with 0.3% LAP in the diet. The I.
LAP(I) treatment produced few toxic signs, even at the highest dose.
RBC, Hgb, aid Hct were lower in males and females than in untreated
controls, occasionally significantly so, suggesting the presence of
a very mild anemia. Lymphocytic foci were observed in the livers of
several of the rats in the high dose groups at an appreciably higher
frequency than in other groups; this lesion may be treatment-related.
The increase in lymphocyte count (WEC x % lymphocytes) at the high
dose, though marginal, may be related to this observation. No altera-
tions were noted in organ weights, other cell differentials, or clinical
chemistry. However, body weights were lower than in controls in an
apparently dose-related manner (Tables 245 and 246). Food intake and
food efficiency for the high dose LAP(I) rats were temporarily (first
week only) lower also. The fairly prompt recovery in food intake and
body weight gain in rats at the high-dose level after the first week
indicates that the temporary suppression in weight gain may have been
substantially due to an aversion to the diet and not to the inherent
toxicity of the irradiated mixture. No toxic signs were recorded in
the daily observations.

Rats treated with 0.3% LAP, on the other hand, had significantly
lower body weights, weight gain, and food intake; smaller kidneys
and hearts; a mild anemia; elevated serum cholesterol; hemosiderosis
of the spleen; and discolored urine. All of these observatiins were

made earlier on rats treated with 0.5% LAP for 13 weeks (Part 3).
Several findings made on rats at the 0.5% level (e.g., uterine hypo-
plasia, testicular atrophy, elevated bilirubin and BUN) either were
not observed at the 0.3% level or were not significantly altered.
Whether this was due to the lower dose or to the length of treatment
could not be established from the data.

In comparing the results on the test mixtures at the 0.3% level,
it is clear from the presence of a number of toxic signs in the LAP
rats and the virtual absence of signs in the LAP(I) rats that, based
on the parameters measured, the irradiated mixture is less toxic than
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L the unirradiated mixture upon repeated oral administration for up to

4 weeks. These findings contrast with those obtained in the mouse

(acute oral L05Os), in which the irradiated mixture was more toxic,

but agree with results from aquatic testing. 1 7 We consider t)hat a

U repeated-exposure test is more relevant to the environmental situation.
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- PART 5 - OTHER PhASE II STUDIES

IN VIVO CYTOGENETICS AND IN VITRO DNA REPAIR TESTING

To determine whether TNT or LAP induce genetic damage to mammalian

cells, we selected two studies: (a) in vivo cytogenetic analyses of
bone marrow cells from rats, and (b) measurement of unscheduled DNA

* synthesis (UDS) in human diploid fibroblasts (WI-38 cells) in vitro.

" In vivo cytogenetic analyses are used to determine whether damage

to chromosomes can be induced in the whole animal. The hypothesis is
F that if cytogenetic aberrations are found, the compound under investi-

gation reached the somatic cells in an activated form and induced
primary DNA damage, followed by an extent of mutagenesis sufficient

I to alter chromosome number and/or morphology. Therefore, the induction
"of in vivo cytogenetic aberrations encompasses a complex series of
events--uptake, transport, whole-animal mtabolism, extensive genetic
damage, cell proliferation--that cannot be evaluated in an in vitro
test such as UDS.

[ In Vivo Cytogenetics Analyses - TNT and LAP

In vivo cytogenetics analyses were performed on bone marrow cells
from rats that had been treated chronically (for 28 days) with two
doses each of TNT and LAP and from rats that had received the chronic
treatments followed by a 28-day recovery period. The selection of
the two dose levels used, one high and one low, was based on the

r" results of the subacute studies on TNT and LAP in rats. They were,
I. respectively, 0.25 and 0.002% TNT and 0.5 and 0.005% LAP mixed in the

feed. The negative control was the normal diet. High doses were the
highest. tolerable, so some deaths were to be expected. The positive
control animals had the same diet as the negative control animals, but
24 hours before sacrifice they received a single injection of 0.375 mg/kg
triethylenemelamine (TEM), which produces defects in chromosomes. 3 8

Young male Sprague-Dawley rats, each weighing 150 to 180 g at the
initiation of treatment, were used. The low-dose, positive control,
and negative control groups contained 12 rats, and the high-dose
group contained 18 rats. Five animals from each treatment group were
selected randomly for sacrifice 6 hours after the last administration
of the compounds, and another five were killed after the 28-day
recovery period.
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All laboratory practices followed for rats in the subacute studies
were followed here, except thae the Sroup size and body weights per-
mitted housing three to a cage. Also, at sacrifice, the heart, liver,
kidneys, spleen, and gonads of each animal were only weighed, not
preserved. These data served as reference only and are not reported.

Methods

Our procedure for in vivo cytogenetic evaluation of rat bone
marrow cells was a modification of the one outlined by Nichols et al. 3 9

To obtain a higher population of cells in metaphase, we Injected the
animals with 0.75 mg/kg of colchicine 1.5 hours before sacrificing
them in a CO2 atmosphere. Bone marrow cells were aspirated from the
distal end of the femur into a syringe containing Hanks balanced salt
solution (HBSS). This procedure was performed on both legs of each
animal, and the cell suspensions from each animal were combined in
one centrifuge tube. The cells were centrifuged, and the supernatant
was aspirated. The cells then were resuspended in 4.0 ml of 0.55% KCl
and placed in a water bath at 370 C for 20 minutes. At this time,
the cells were again centrifuged, and the supernatant was discarded.
The cells were resuspended in chilled Carnoy's fixative (methanol: 1
acetic acid, 3:1). The fixative was changed at least twice before
preparation of a minimum of two slides per animal by the air-dry
technique. The cells were stained with Aceto-orcein, and coverslips
were attached with Permount.

Permanent slides were divided into two identical groups. The |
slides in each group were mixed separately at random and coded by an I.
individual not involved in the reading and scoring. Thus, no one
scoring the slides knew which slide was being read or was able to
compare similar code numbers in each group. Slides were not decoded
until all slides in each group had been road completely.

Slides are scored for both mitotic index and chromosomal aberra-
tions. Mitotic indices are calculated based on 1000 cells per slide.
When possible, at least 50 metaphase cells per animal are analyzed for
evidence of chromosomal aberrations such as aneupl.oidy, polyploidy,
chromosomp and chromatid breaks and gaps, exchanges, dicentrics, other
marker A:.L~o-iosomes, unusual morphology such as "stickiness" or pulver-
i.ation of the chromosomes, and degree of multiple aberrations, as
defined in the glossary (Exhibit A).
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Exhibit A

GLOSSARY OF CYTOGENETIC ABERRATIONS

Chromatid aberration appears on only one arm of the chromosome and is

a postreplicative event.

Chromosome aberrations are present in both chromatids at identical sites.

Gap is any aligned discontinuity (nonstaining region) in the chromatin
that is equal to or less than the width of the chromatid or that
contains visible material connecting the proximal and distal
portions. Because a gap may be an artifact of slide preparation,
the presence of a gap in an otherwise normal cell does not warrant
considering the cell to have a cytogenetic aberration.

Break is any separation in the chromatin that exceeds the width of the
* chromatid or a separation accompanied by the disturbance of axial

integrity.

Pulverization is extreme fragmentation of the chromatid material. It
is recognized by its severity and the absence of markers.

Marker is a unique chromosomal aberration that can be easily identified
and classified as follows:

* Exchange--A chromosomal translocation figure characterized by
V° unique constellation of the chromosomal arms (triradials,

quadriradial.s); also called scmatic crossovers.

SDicentric--A chromosome with two centromeres.

* Rinj--A chromosome whcse ends hbive joined to form a double or
"single circle, with or without a centromere.

More than nine aberrations per cell--each type of aberration (up to
. nine) is individually tabulated, Each scored type of aberration

counts as one visual aberration whether it be chromatid or
chromosomal; e.g., a chromatic break counts as one, a chromosomal
break c!unts as one; dicentric; ring, or exchange figures each
count as one aberration.

Poly 1Lidy is an increase in chromosome number in oxcess of the diploid

in an even multiple of the haploid number.
(H

Aneuploidy is an irregular number of chr:mosome., not a multiple of
the haploid set; but individual Lhromosomes are missing or present
in a multiple state (hypodiploid and hyperdiploid). The ex,.ent
of aneuploidy is indicated by tabula2ion of the average number of
chromosomes pcr cell.
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Part 5

Results

None of the rats that received the TNT high dose and none of the
positive controls died prematurely. Ten of the 18 rats at the 0.5%
LAP level died during the 28-day treatment period. 1.

Table 263 presents the cytogenetic evaluation of the rats exposed
to TNT, and Table 264 presents the cytogenetic evaluation of the rats
exposed to LAP. No significant loss of chromosomes was observed in
any of the treated animals; the average numbers of chromosomes for
each treatment as well as for the negative control animals were within
the same range, 39.7 to 40.8. The diploid number of chromosomes for
rats is 42; the uniform reduction in average chromosome numbers from
this value represents a random loss of chromosomes from the cells
during the preparation of slides.

Mitotic indices were greatly depressed in the positive control
rats, and we could not locate a sufficient number of dividing cells
on the slides to perform cytogenetic evaluations on 50 cells for each
animal. Mitotic indices were also depressed in rats exposed to the La

high dose of TNT, and a dose-related depression in the mitotic indices
was observed in the animals exposed to LAP. However, sufficient cells
were present from these animals to evaluate 50 cells per sample.

No cytogenetic abnormalities were observed other than the signi-
ficant number of aberrations induced in positive control animals. A

Therefore, except for depressions in mitotic indices, no unusual effects
were observed after chronic exposure of rats to the high and low doses
o.f TNT and LAP.

The rats that received chronic exposures to TNT and to LAP
follcwed by a 28-day recovery period were sacrificed and the slides
were prepared before we had completed cytogenetic evaluations and decoded I
the slides for the animals sacrificed immediately after treatment. No
high-dose LAP rats were included in the recovery groups because only
8 of the 18 rats survived this exposure. All eight were sacrificed
and cytogenetic preparations were made at the end of the chronic
exposure. However, the mitotic indices proved to be sufficiently high
so that we evaluated randomly selected preparations from only five of
the eight rats.

Further cytogenetic evaluation of samples from the recovery groups
was not warranted because no cytogenetic aberrations were detected
after the chronic exposures; nevertheless, we determined the mitotic
indices of the recovery groups of animals for both doses of TNT and
for the low dose of LAP to learn whether the mitotic indices returned
to negative control values. A comparison of the values obtained on
rats permitted a 28-day recovery period after the 28-day treatment
with the values obtained on rats sacrificed immediately after treatment
inditated that the proliferative capacity Of the bone marrow cells tae
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returned to a normal level within 28 days for the high-done TNT group

(Table 265). Following 28 days of recovery from the low dose (0.005%)
of LAP, the mitotic index actually exceeded negative control values

S~(Table 266).

4 .

Discussion and Conclusions

As described in Parts 2 and 3 of this report, we observed severe
weight loss in the rats treated with TNT and LAP, particularly in
those administered the high dose of LAP. This loss of weight appeared
to be attributable to the reluctance of the rats to consume the food
rather than to toxic effects of the compound. The absence of cyto-
genetic aberrations in the treated animals a,'d the reduced proliferative
capacity of the bone marrow cells, as indicated by depressions in
mitotic indices, indicated that the weight loss probably was attributable
more to malnutrition of the animals than to chemical cytotoxicity.
This conclusion is supported by the observation that the resumption
of a normal diet resulted in a rEcovery of the proliferative capacity
"of the bone marrow cells.

In other cytogenetic s:udies in the past, we have frequently
observed mutagenic effects at near-toxic doses of the test compounds.
However, no such effects were observed for TNT or LAP. Therefore, in
view of the positive mutagenicity results observed in the microbial
testing (describeC in Part 1 of this report), we hypothesize that if
the compounds cannot be shown to be mutagenic in vivo in mammaalian
cells, either the rats ingested insufficient quantities of the compound

!- to induce genetic damage to the somatic cells or the compounds were
metabolically deactivated before they reached the bone marrow of the

rats. However, based on the results of these cytogenetics studies, we
* find no evidence to support the conc'usion that genetic damage can be

induced by TNT or LAP in vivo.

Unscheduled DNA Synthesis Assays on TNT, RDX, and LAP

Unscheduled DNA synthesis (UDS) is a form of repair synthesis
that invclves at least two processes. Firat, an agent interacts with
and thus damages the DNA. This is followed by incorporation of nucleo-
tides to repair the DNA. UDS assays are based on an indirect measure-
ment of primary DNA damage; that is, the unscheduled synthesis is
indicated by the incorporation of tritiated thymidine into the DNA of
the cells during repair. If the DNA damage is so excessive that it
cannot be sufficiently corrected by the mechanisms of repair available
to the cells, the nonrepair or incorrect repair of the DNA may be
considered as a primary event leading to mutagenesis axid/or to carcino-
genesis.
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UDS occurs in a wide variety of cell types, and it may be con-

sidered to be fairly universal because it has been observed in all Ii
stages of the cell cycle (GO, Gi, 02, and M) other than S, the normal
synthetic phase.40,41 (UDS is not observed during S-phase because the
high level of incorporation of nucleotides during scheduled DNA
synthesis obscures the relatively low level of incorporation during
UDS.)

Many mutagenic and carcinogenic agents have been shown to induce
UDS in an in vitro tissue culture system of cells.4 2 However, other
chemicals are ineffective in producing DNA damage except in a meta I
bolically active environment. With metabolic activation, such chemicals
are converted to mutagenic and/or carcinogenic intermediates that
produce the damage. To incorporate a metabolic activation system into
the UDS assay, a preparation containing microsomes trom a mammalian
liver homogenate is added to the test system. Thus, we routinely
perform a parallel series of UDS assays in the presence and in the
absence of a metabolically active system. j

Methods ,

Cell culture. WI-38 cells (human fibroflaits) grown in T-25
tissue culture flasks were used for the UDS assays with TNT, RDX, and
LAP. Replicate cultures of these cells were initiated in Eagle's
Basal Medium containing 10% (v/v) fetal calf serum. The cells were
grown to confluency and maintained in 'jdium containing 0.5% serum
for 5 to 6 days preceding the UDS assays.* This produced contact-
inhibited cells in synchronous cultures in the Go phase of the mitotic
cycle. To reduce the possibility of incorporation of tritiated
thymidine ( 3H-TdR) by an occasional S-phase cell that might have
escaped tne contact-inhibition synchrony and thus might obscure measure-
ments of UDS, the cultures were preincubated for 1 hour with 10-2 M
hydroxyurea (HU) before each assay, and 10-2 M HU was added during each
subsequent step of the assays.

Dilution of compounds. Immediately before each assay, TNT, RDX, or
LAP was diluted in dimethylsulfoxide (DMSO) to form a series of concen-
trations that, when diluted into culture medium, yielded the appropriate
set of test concentraticns. The final concentiation of DMSO was
maintained at 1% or less, thus minimizing the possibility of a cyto-
toxic effect in response to the solvent.

*As a check against the presence of mycoplasma, which could incorporate
tritiated thymidine and thus obscure measurements of UDS, stock
cultures were periodically cultured on Difco Beef Heart Infusion agar
or broth; Microbiologizal Associates analyzed them for the presence
of mycoplasma, and the results of these analyses were consistently
negative.
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Metabolic activation. For testing with metabolic activation, we
used a preparation consisting of the 9000 x & supernatant of a liver
homogenate (250 mg of liver/ml) from adult male Swiss-Webster mice.
To this were added the following cofactors: nicotinamide, 3.05 mg/ml;
glucose-6-phosphate, 16.1 mg/ml; MgC1 2 '6 2 0, 5.08 mg/ml; and NADP,
0.765 mg/ml.

Controls. The positive controls were 4-nitroquinoline-N-oxide
(4NQO), a compound that induces UDS in the absence of metabolic activa-.
tion, and dimethylnitrosamine (DMN), a compound that induces UDS
in vitro only with ¶ietabolic activation. The negative control was
DMSO diluted in culture medium.

Preliminary tests. Preliminary testing was performed according
to the procedures described for UDS assays except that:

"(1) A broader dose range was tested.

(2) Fewer replicate samples were tested at each concentration.

(3) The end-point indicator was either an apparent elevation
in 3H-TdR incorporation into DNA or a cytotoxic effect,
as indicated by either a reduction in 3H-TdR incorporation

~1 or a loss of cells from the culture, observed as a reduction
in the DNA content of the culture.

The preliminary assays were performed to establish the appropriate
rranges of concentrations to be tested in the actual UDS assays. These
concentraL-ons are selected according to the following criteria:

(1) If a positive response is indicated by the preliminary

assay, concentrations that could confirm the response and

possibly define a dose-response relationship are tested.

"(2) In the absence of a preliminary indication of a positive
response, concentrations are tested that are expected to
cover a range between cytotoxic effects and no effects.

(3) If neither a positive response nor cytotoxic effects are
indicated by the preliminary assay, the range of test
concentratirns includes the maximum feasible concentrations
under th- constraints of the solubility of the compound
and the protocols as described ("Dilution of Compounds").

lUDS Assays. The contact-inhibited WI-38 cells were Incubated at
370 C with dilutions of TNT, RDX, or LAP and with 1 pCi/ml of 3 H-TdR

(sp act, 6.7 Ci/mmole). For testing in the absence of metabolic
dctivation, the cells were exposed simultaneously to TNT, RDX, or LAP
and to 3 H-TdR for 3 hours. For testing with metabolic activation,

A4L the cells were incubated with TNT, RDX, or LAP, 3H-TdR, and the metabolic
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preparation for I hour, rinsed, and then incubated with only 3H-TdR in L
culture medium for an additional 3 hours. (The shorter exposure time
for metabolic activation testing prevents zytotoxic effects to the
WI-38 cells by the liver homogenate preparation.) To extract DNA from
the cells, we used a modification of the PCA-hydrolysis procedure;4 3

one aliquot of the DNA solution was used to measure the DNA content,
after reaction with diphenylamine, 4 4 and a second aliquot was used for 7:

scintillation counting measurements of the extent of incorporation of
3H-TdR. Results were expressed as disintegrations per minute (dpm) of
incorporated 3H-TdR ner unit of DNA and were compared with the rate
of incorporation of 3H-TdR into cells exposed to solvent only (negative .
control).

We have defined as an acceptable assay one in which the response
of the positive control compound is predicted, within the 95% confidence -2

limits, by least-squares regressions42 of average dpm/pg DNA versus
average dpm/ug for background. The regressions that follow are based
on data that we have acquired in previous testing:

Correlation j
Type of Testing Regression* Size (n) Coefficient (r)

Without metabolic
activation Y- 629 ± 16.42 (X)t 55 0.8066

With metabolic
activation 2 212 ± 2.11 (X)± 25 0.8307

If the observed average level of incorporation for the posltive control
compound is outside the 95% confidence limits of the regression, we
assume that some variation has occurred in the experLental procedures
and the test is repeated.

Interpretation of results. We have tested 40 compounds that, based
on the results of in vivo bioassays, have defined carcinogenic activity.
We have analyzed the results using either the parametric One-Way
Classification Analysis of Variance or the nonparametric Kruskal-Wallis
One-Way Analysis of Variance, depending on which was more appropciate.'t

* Regressions over a range of background dpm/pg DNA of 0 to 450.

t Yj - Average dpm/wg DNA for 105 M 4NQO (positive control).
Y2 = Average dpm/wg DNA for 5 x 102 M DMN (positive control).
X = Average dpm/pg DNA for background (negative control). {. i

+ If there is reason to believe that the variances of each of the treat-
ments in a '.r~t are equal (i.e., Bartlett's test of the variance is
negative), the parametric analysis is the appropriate one. If the
variances are not equal, the nonparametric analysis is the appropriate•, ~~one.h6•
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i - Of the 16 compounds generally recognized as being direct-acting carcino-
r I gens, 15 induced statistically significant elevations in the incorpora-

tion of 3H-TdR into DNA at the 99% confidence level. Dose-reoponse
relationships were also observed for all but three of these. The
assay of the sixteenth carcinogen, -rosaniline, failed to uggest a

Spositive response. The testing of the 12 compounds reported to ..e*
noncarcinogenic did not indicate any statistically significant respcnse.
Thus, the criterion of 99% confidence limits of the statistical
analyses coupled with the indication of a dose-response relationship
apparently can be used with reasonable accuracy to predict the biological
significance of the UDS response to an ultimate carcinogen or noncarcino-
gen.

The correlation between a UDS response and biological significance
for testing with metabolic activation is less clear. Of the 12

procarcinogens (compounds requiring chemical modifications to become
active) that we have tested with metabolic activation, seven induced
statistically significant increases in 3H-TdR uptake at the 99% confi-
dence level; in addition, the results of all seven of these tests
indicated a dose-response relationship. The remaining five procarcino-
gens failed to induce any increase in 3H-TdR incorporation. Thus, theV metabolic activation preparation now used for UDS testing apparently is
capable of activating only a portion of the spectrum of the procarcino-
gens, and the lack of a response in testing with metabolic activation
cannot be assumed to be indicative of an absence of potential biological
hazard.

1.• Results and Discussion

Table 267 presents the results of the preliminary assay of TNT
without Metabolic activation. The levels of 3H-TdR incorporation in
response to treatments with the lower concentrations of TNT were
equivalent to that of the control. The response to the highest con-
centration could not, however, be accurately estimated due to the
discoloration of these samples (hydrolyzed DNA solutions from these
samples were yellow rather than clear, thus affecting the colorimetric
determination of DNA content). Therefore, the testing of TNT was
limited to concentrations that would not discolor the samples. Based
on these observations, we selected 1000 vg/ml as the highest test
concentration of TNT for assay in the absence of metabolic activation.
The results of this assay (Table 268) indicated a statistically
significant elevation in H-TdR incorporation (F 3 , 2 0 - 38.58 > 4.94)*

* F is the statistic generated by the parametric analysis of variance,
and is compared to the value of F at which there is a 1% probability
that the observed variations in the data could be due to random
selection.
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at the 99% confidence level. However, the discoloration of the samples
tested with the two. highest concentrations of. TNT made it impossible
to clearly distinguish a dose-response relationship for the apparent
increase in 3H-TdR incorporation. Since only one of the criteria for
a positive response was clearly met, we can conclude only that UDS wes
suggested in this test.

The results of The preliminary assay of TNT in the presence of
metabolic activation (Table 269) suggested neither a positive response V
nor a cytotoxic effect. (Discoloration of the test samples was not
observed in this assay.) Therefore, the solubility of TNT limited
the maximum test concentration for the UDS assay of TNT with metabolic
activation. Table 270 presents the results of this assay. UDS was not
observed in this test, as the levels of 3H-TdR inc-Orporation were
statistically indistinguishable from the control at 99% confidence
(F5,30 - 2.76 < 3.70).j

An elevation in H-TdR incorporation in response to treatment with
RDX at 2000 ug/ml was suggested by the results of the preliminary
assay of this compound (Table 271). Therefore, tent concentrations
that could further define the suggested response were selected for the
UDS assay of RDX without metabolic activation. The results of this
assay (Table 272) did not confirm the response sulgested by the
preliminary assay, because none of the levels of H-TdR incorporation
were statistically greater than the control. Thus, UDS was not
observed in response to treatment with RDX in the absence of metabolic I
activation.

The results of the preliminary assay of RDX with metabolic acti- *

vation (Table 273) indicated no observable effects on cells exposed
to concentrations as high as 4000 ig/ml, since all 3 H-TdR incorporation
levels were consistent with the control. The concentration of 4000 jg/ml -
RDX was also observed to be the maximum feasible test concentration
based on the solubility of RDX. Therefore, the UDS assay of RDX with
metabolic activation was limited to a maximum test concentration of
40C0 vg/ml, which was expected to be below a threshold for cytotoxic
effects. Table 274 presents the results of this assay. As anticipated,
cytotoxJc effects were not observed. Furthermore, all levels of 3H-TdR
were statistically indistinguishable from the control (F 5 , 30 - 1.48< 3.70).
Therefore, we can conclude only that UDS was not observed in response to
RDX with metabolic activation, within the con~centration range tested.

':ables 275 and 276 present the results of the preliminary assays
of LAP without and with metabolic activation, respectively. In each
case, neither cytotoxic effects nor a positive response was indicated
by these results, Therefore, in the UDS assays of LAP in tha absence
and presence of metabolic activation, the solubility of this material
limited the testing to a maximum concentration of 8000 pg/ml. The
results of the UDS assay of LAP without metabolic activation (Table 277)
were nimilar to those of the preliminary assay in that all treatment
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effects were statistically equal (F 5 , 2 9 - 2.21 < 3.73). Thus, under
this test condition, neither UDS nor cytotoxic effects were observed.
The results of the UDS assay of LAP with metabolic activation (Table 278)
appeared to indicate a positive response. The One-Way Classification

S| Analysis of Variance of these data indicated that at the 99% confidence
level, the treatment effects are not equal (F5 , 3 0 - 4.40 > 3.70).
"Furthermore, it can be demonstrated that the response to treatment with
8000 Ug/m! LAP is statistically greater than the response to the
control treatment at this level of significance. However, a dose-
response relationship for the response, although suggested, is not
clearly demonstrated by these results. We believe that it would be
necessary to test LAP at concentrations in excess of 8000 ug/ml with
metabolic activation to clearly demonstrate a dose-response relationship.
Since such an assay is incompatible with our test procedures, we are
unable to accurately assess the biological significance of the observed

I •response. Thus, we can conclude only that the results of the testing
of LAP with metabolic activation suggest a UDS response.

In surmary, based on our criteria for a biologically significant
response, UDS was suggested as a consequence of treatment of human

-• cells witb KNT in the absence of metabolic activation and with LAP inj the presence of metabolic activation. However, UDS was not observed
in response to treatment with LAP in the absence of metabolic activation,
with TNT in the presence of metabolic activation, or with RDX eitherf with or without metabolic activation.

ENZYME INDUCTION STUDIES

Dogs, rats, and mice that were dosed with TNT or LAP either died
when administered high doses or, if they survived 2 weeks of treatment,
tolerated the compounds and recovered partially from the toxic symptoms

I- of loss of appetite and weight. A possible explanation for the partial
recovery observed is that repeated administration of the compounds
resulted in an accelerated rate of detoxification.

The experiments described fvire w'!re conducted to test the hypo-
thesis that TNT, RDX, or LAP might nttirulate the hepatin microsomal
enzyme systems.

Methods

SI [Adult Sprague-Dawley rats of both sexes were fed diets containing
0.1%O RDX, 0.25% TNT, cr 0.25% LAY (TNT/RDX, 1.6/1) for 3 weeks.
Control rats and positive control rats were fed the normal diet. The

I ! positive 'ontrol rats were treated with phenobarbital during the last
Ai ,5 dae7 of the 3-week experimental period. Phenobarbital was injected
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ip (40 mg/kg, twice daily) on Days 1, 4, and 5. On Days 2 and 3
(weekend), the rats were given phenobarbital in their drinking water
(0.57 g/l). After 3 weeks of dietary treatment or 5 days of pheno-
barbital treatment (positive controls), the rats were killed by
decapitation, and their livers were removed.

Rat liver was homogenized in three volumes of 1.15% KC1 in 0.01 M
phosphate, pH 7.4. After centrifugation at 10,000 x & for 10 minutes,
the supernatant fraction was carefully removed and used for incubation.

Each beaker contained 1 ml of the supernatant; 1 ml of 0.1 M phosphate,
pH 7.4; 0.5 ml of cofactors (1 Umole NADP, 25 umoles MgCI2, 15 Umoles

nicotinamide, and 25 pmoles glucose-6-phosphate); and 0.5 ml of sub-
strates (10 umoles of aniline or aminopyrine or 7 pmoles of o-nitro-
anisole). Incubation was at 37* for 30 minutes. The products o-amino-
phenol, 4-aminoantipyrine, and o-nitrophenol were assayed colori-
metrically.

For investigation of whether various pretreatments produced altera-
tions in the metabolic pattern of TNT, two male and two female rats
from each group were orally administered 9 VCi of 1 4C-ring-labeled TNT
1 day before sacrifice, and 24-hour urine specimens were collected.
Aliquots of the urine samples were subjected to benzene extraction,
followed by an extraction with ethyl acetate at pH 1. The organic
fractions were assayed for radioactivity in a Searle Analytic Mark III
liquid scintillation counter.

Results

Substrates used for testing enzyme inductioti represented three
metabolic pathways: N-demethylation of aminopyrine, O-demethylation
of o-nitroanisole, and aromatic ring hydroxylation of aniline. These
generally respond to all types of inducers, including drugs and
pesticides. All these reactions are oxidative, whereas the primary
metabolic transformation of TNT is nitro-group reduction and, to a
lesser extent, oxidation of the methyl group.

As Table 279 shows, phenobarbital stimulated the metabolism of
all three test substances by the liver in both sexes. TNT, RDX, and
LAP showed no stimulatory activities in the metabolism of aminopyrine
(N-demethylation) or aniline (aromatic hydroxylation). However,
these compounas apparently can act as microsomal enzyme inducers to a
limited extent, as evidenced by stimulation of the metabolism of
o-nitroanisole (0-demethylation).

As shown in Table 280, after a single oral dose of 1 4C-ring-labeled U
TNT, approximately 50% and 20% of the administered dose were found in
the urine and feces, respectively, after 24 hours. When urine samples
were extracted with benzene, approximately 20% of the radioactivity I
present in the samples was extracted. A control extraction experiment
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with standard 1 4C-labeled TNT showed that benzene extracted 96 to 98%
of TNT. Since the percentages of the radioactivity extracted by

14• benzene were essentially identical in all experimental groups, the
percentage of unchanged TNT being excreted apparently was not altered

7i by pretreatment of the rats with phenobarbital, RDX, or TNT.

The residual counts after benzene extraction were extracted with
ethyl acetate. Approximately 50% of the radioactivity present in the
urine samples appeared in ethyl acetate. These are considered to be
unconjugated metabolites of TNT. Thin-layer chromatography of the
extract revealed as many as three metabolites.

Data presented in Table 280 indicate that LAP pretreatment may
have increased the percentage of ethyl acetate-extractable metabolites

* in both sexes and that TNT pretreatment may have increased the ethyl
• actate-extractable metabolites in the female. Since the data are

based on only two rats from each treatment group, a definite conclusion
cannot be drawn.

Discussion and Conclusions

SLemburg and Callaghan48,49 reported that rats orally given TNT
(5 to 40 mg) excreted 15 to 20% of TNT in urine unchanged; our data
(benzene fraction) are in agreement. They further observed that
repeated dosing did not alter the excretion pattern, suggesting that
there was no storage of TNT or metabolites.

"TNT is metabolized by nitro-group reduction, ring hydroxylation,
and oxidation of the methyl group. All these reactions are known to
be catalyzed by the hepatic microsomal mixed-function oxidases. RDX
is extensively metabolized to CO2 and the intracellular site of the
metabolism of this compound has not been reported.

Since many compounds that are metabolized by the hepatic micro-
somes stimulate (induce) the microsomal enzymes, it was of interest
to investigate whether TNT has the microsomal enzyme-inducing property.
The present data indicate that TNT and RDX show limited capacities for
enzyme induction. Only one of the three metabolic pathways measured
was stimulated by these compounds.

The metabolism of TNT based on measurement of benzene-extractable
radioactivity, however, was not altered by pretreatment of the rat
with phenobarbital, TNT, or RDX. Thus, decreased toxicologic manifesta-
tion to repeated dosing of TNT apparently cannot be explained on the
basis of increased metabolic disposition of TNT. However, we cannot
rule out the possibility that the composition of the metabolites of
TNT may have been altered by repeated dosing of TNT. Further studies
are required to clarify this point.
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Table 265

MITOTIC INDICES OF BONE MARROW CELLS FROM RATS
t AFTER 4 WEEKS OF TNT TREATMENT

WITH OR WITHOUT 4 WEEKS OF RECOVERY t

Negative Dose of TNT Positive
Control Low (0.002%) Hish (0.25%) Control

After treatment
only 1.4% 1.3% 1.0% 0.6%

After treatment
and recovery 1.6% 1.7% 1.4% 0.8%

Reported mitotic indices Pre the mean of results from 5 rats for which
1000 cells were counted per rat.

Table 266

MTTOTIC INDICES OF BONE MARROW CELLS FROM RATS
AFIER 4 WEEKS OF LAP TREATMENT

JITH OR WITHOUT 4 WEEKS OF RECOVERY

Negative Positive
Control Lov (0.005%) High (0.54. Control

After treatmentonly 1.3% 1.0% 0.5% 0.4%

After treatmen
and recovery 1.6% 2.5% -- 0.8%

Reported mitotic indices are the mean of results from 5 rats for which
1000 cells wcre :ounted per rat. L
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Table 267

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF TNT
(dpm/ug DNA)

Concentration of Compounds Tested
TNT, (-/ml) 4NQO (M)

Sample 0* 2 20 2oot 2oo0t 10-5

1 60 36 28 38 1398

1 2 51 44 38 38 1469

3 39 44 41 40 1279

4 47 46 66 38 1588

Mean 49 42 44 38 1434

SD 9 4 16 1 129

"SE 4 2 8 1 65

I*

Negative control and compound solvent, 1.0% DMSO.
* 1*Precipitates observed at 200 ug/ml and 2000 pg/ml.

Quantity of DNA impossible to determine due to discoloration of
samples.
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Table 268 i
UNSCHEDULED DNA SYNTHESIS ASSAY OF TNT

(dpu/ug DNA)

Concentration of Compounds Tested
TNT t(ug/MI) 4NQO (M)

Sample o0 62.5 125 250t 5 0o.._ OO._ _o-_

1 64 38 49 75 74t1 84t" 1201

2 49 40 50 77 64tt 65tt 1428

3 38 39 38 73 6tt 74tt 1174

4 37 36 40 79 79tt 63tt 1037

5 37 37 36 67 59tt 61tt 1140

6 48 34 37 85 78tt 81it 1144

Mean 45 40 42 76 70tt 71tt 1187 ]
SD 10 5 6 6 8tt 10ot 130

SE 42 2 2 1t tt5

IA
Negative control and compound solvent, 0.5% DMSO.

tPrecipitates observed at 250, 500, and 1000 ogiml.

ttThese values may be inaccurate due to slight yellow discoloration of
the samples..
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11 Table 269

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF TNT
WITH METABOLIC ACTIVATION

(dpm/ug DNA)

Concentration of Compounds Tested
0, TNT (Wl/ml) DMN (M)

Sample o_ 6 60 600t 6noo0 5 x 10-2

1 45 41 46 48 57 283

2 46 54 54 47 58 305I; i.

4, 3 42 36 44 53 53 286

4 48 56 47 62 49 323

Mean 45 47 48 52 54 299

SD 3 10 5 7 4 19

SE 1 5 2 3 2 9

Negative control and compound solvent, 1.0% DMSO.

) tPrecipitates observed at 600 and 6000 jg/ml.

3
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Table 2701

UNSCHEDULED DNA SYNTHESIS ASSAY OF TNT WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Com ounda Tested

TNT (ua/ml) DNN (iSample 0* 375t 750f 150o0 30 00t AP2÷ i x -2

1 63 46 60 62 61 68 282 1
2 62 53 66 55 54 87 296

3 72 65 96 65 54 95 360 1.
4 58 51 93 63 51 65 308

5 60 68 63 53 58 )8 510

6 66 41 54 76 72 71 379 1
Mean 64 54 72 62 59 74 356

SD 5. .18 9 8 14 84

SE 2 4 7 3 3 6 34

,i

Negative control and compound solvent, 0.5% DM•80.
1Precipitates observed at all concentrations.
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Table 271

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF RDX
(dpm/pg DNA)

Concentration of Compounds Tested
RDX (ug/ml) 4NQO (M)

Sample 0* 2 20 200t 2000t 10-5

1 36 37 26 30 53 1081

2 32 35 46 27 50 1057

l 3 40 31 62 36 53 1040

j 4 34 38 24 43 53 1107

Mean 36 35 39 34 52 1071

) SD 3 3 18 7 2 29

SE 2 1 9 4 1 14

Negative control and compound solvent, 1.0% DMSO.J ±Pre,ipitates observed at 200 pg/ml and 20G0 ug/ml.

3
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Table 272

UNSCHEDULED DNA SYNTHESIS ASSAY OF RDX
(dpm/Ug DNA)

Concentration of Compounds Tested
RDX (ug/ml) 4NQO (N)

Sample 0* 250t 500 1000_t  2000t 4000t 10-5 _

1 59 38 50 69 63 74 1558

2 45 38 70 80 48 54 1490

3 87 37 44 80 62 66 1481

4 87 33 59 70 50 76 1638

5 65 44 42 44 87 1712

6 74 38 52 65 50 70 1449

Mean 70 38 53 73 53 71 1555

SD 17 3 10 7 8 11 103

SE 7 1 4 3 3 4 42 I

*Negative control and compound solvent, 1.0% DMSO.

tPrecipitates observed at all concentrations.

tSample lost.
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Table 273

FV •PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF RDX
WITH METABOLIC ACTIVATION

(dpm/ug DNA)

Concentration of Compounds Tested
V RDX (vg/m1) DMN (M)

Sample 0* 4 40t 400t 4000t 5 x 1-2

1 53 51 45 53 48 293

2 72 39 66 60 90 296

£ 3 57 58 84 50 52 400

[ 4 62 68 56 56 80 340

Mean 61 54 63 55 67 322

SD 8 12 16 4 21 50

SE 4 6 8 2 10 25I i

I LIr*

Negative control and compound solvent, 1.0% DMSO.

tPrecipitates observed at 40 pg/ml, 400 Vg/ml and 4000 pg/ml.
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Table 274

UNSCHEDULED DNA SYNTHESIS ASSAY OF RDX WITH METABOLIC ACTIVATION
(dpm/ug DWA)

Concentration of Compounds Tested
RDX (ug/mi) D (M)

Sample 0* 250t 500t 1000t 2000t 4000t 5 x 10-2 [

1 45 41 44 51 52 44 261 1
2 37 43 45 43 56 54 283

3 54 44 49 37 40 50 305

4 46 42 51 47 50 45 286

5 42 34 59 47 44 56 342 [

6 48 47 43 57 56 ,44 323

Mean 45 42 48 47 50 49 300 1

SD 5 4 6 7 6 5 29 F
SE 2 2 2 3 3 2 J.2

Negative control and compoun,. solvent, 1.0% DMSO.
t Precipitates observed at all concentrations.
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j Table 275

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF LAP
(dpm/hg DNA)

Concentration of Compounds Tested
LAP (ug/ml) 4NQO (M)

Sample 0 4 40 400 4000* i0-5

1 58 50 67 32 76 1376

2 55 59 57 40 55 1357

3 61 51 56 32 59 1412

F 4 68 62 58 32 60 1477

Mean 61 55 60 34 62 1406

£ SD 6 6 5 4 9 53

SE 3 3 3 2 4 26

I ,

Precipitate observed at 0O00 pg/ml.
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Table 276

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF LAPYWITH METABOLIC ACTIVATION
(dpm/pg DNA) 1<

Concentration of Compounds Tested
LAP (ug/ml) DMN (M) H

Sample 0 __4 40 400 4000t 5 x 10-2

1 79 74 72 77 75 364 V
2 84 85 85 79 90 374

3 98 82 78 73 72 375

4 75 110 74 97 71 381

Mean 84 88 77 81 77 374

SD 10 15 6 11 9 7

SE 5 8 3 5 5 4

Negative control and compound solvent, 1.0% DMSO.
t Precipitate observed at 4000 pg/ml.
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Table 277

UNSCHEDULED DNA SYNTHESIS ASSAY OF LAP
(dpm/ug DNA)

Concentration of Compounds Tested
LAP (pg/ml) 4NQO (H)

Sample 0* 3277t 4 09 6 t 512_0 6400t 8000t 10-5

1 44 62 54 57 82 1536

2 62 59 66 52 57 95 1570

II,3 50 76 47 61 57 42 1684

4 48 78 53 60 60 91 1444

5 68 69 53 57 54 63 1601

6 72 48 57 61 73 72 1806

Mean 57 66 56 58 60 74 1607

SD 12 13 7 4 7 20 125

SE 5 6 3 1 3 8 51

Negative control and compound solvent, 1.0% DMSO.

tPrecipitates observed at all concentrations.

fSample lost.

3.1*1
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Table 278 .

UNSCHEDULED DNA SYNTHESIS ASSAY OF LAP WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested
LAP (ug/ml) DMN (M)

Sample 0* 3277t 4096t 5120t 6400t 8000t 5 x 10-

1 56 65 75 78 79 124 327

2 44 94 73 76 108 89 360

1 60 78 97 56 68 105 342

67 71 80 84 68 109 324 L
5 84 46 70 80 98 74 345

6 61 47 77 79 118 85 332 L
.,an 62 67 79 75 90 98 338

SD 13 18 10 10 21 18 13

SF 5 8 4 4 9 7 5 1.

Negtive control and compound solvent, 1.0% DMSO.
*1Precipitates observed at all concentrations.
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Appendix A

MEHO OF CALCULATING ACUTE ORAL LD5Os

Introduction

A computer program has been designed to determine the mid-lethalI or mid-effective dose (LD5O or ED5O) from a series of doses and quantal

I responses using the maximum likelihood method as described by Finney.*

It calculates the response as a function (linear, natural log, or some

I specified power) of the dose, estimates the best straight line through

these points, and then adjusts this straight line in an iterative

process until the likelihood that this line is the correct regression

L ~line is at a maximum. Once this is done, the LD50 or ED50 and its

percent and standard errors are calculated; the slope of the regression

line and its percent and standard errors are calculated; the chi-square

-- statistic, the degrees of freedom, and the probability that the data

points fit the regression line poorly are determined; and finally,

Finney's G factor and the upper and lower 95% confidence limits for

J the LD50 or ED50 are found.

F Methods and Formulas Used

The maximum likelihood method of Finney,* which may be used for

q~uantal dose-response relationships, involves an iterative process

for solving the equation -~0, where L = E r -or+E(n r)o

(1 - P1) ni = sample at a particular dose, ri =number that respond

I' to that dose, P, = probability that r1 respond at that dose, and =

any argument of P such that P is differentiable everywhere. This

method is general whatever the form of the probability distribution P,

D. J.Fnny Probit Analysis. Cambridge University Press,
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but, in particular, we are interested in the form

1 x -(x-u) 2

r2 •T e' 2a dx

where x is a linear, logarithmic, or other suitalile function of the dose.

We can measure this probability on a transformed scale (the Nurmal

Equivalent Deviate or Y scale) by defining

1 -U 2

P 2/ f~ Y e (-2 du

This is equivalent to a linear dependence of Y on x: Y - a + Ox,wee -a 1 i

where -- and o,- Now define

-Y_ 2

z _y21 -

a 2 /7,¥ e 2

Then define

SZ ard- - Zx.

aaL

If we guess a solution of - = 0 in terms of the parameters

YI - a1 + blx (using the formula giving the li.ne of beer fit through

a set of n points (xY,... , (X : y x + (Y - ),

i Ex2 _ , * 2

n n EZx -n

Z2 ' '
then introduce a weighting coefficient w P( anc a work np i

Y Y 1 + (p being the empirical probability, i.e. p - n), we can L

S. M. Selby. Standard Mathematical Tables. The Chemical Rubber Co.,• • Cleveland, Ohio, 1967.
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aolve for the correction factors 6a and 6b using

(a + 6a)nw + (b + 6b)nnwi ei -E n yand (a, + 6a)Zniwxi + (bI + 6b).niw X 2

- nwixiyi.. .Ee En ny- nw-,

I ' 'we can calculate

n ib.) b1 + 6b . . .
!':= -Eniw (xi -x 2

'• Iiand a= al b x. We can iterate this procedure for any

!' desired accuracy; we choose to iterate until 6b < .001(bl)

Then we determine:

the LIDO. the dose such that 0- Y a + ax, i.e. LD - .

50 a-

DI•: • 1 i (LD5 o -x)

the Standard Error of the LDbo: SE(LDco) b. (----5 + 0
S5nw nw(xi )

1. the slope of the regression line: slope JV _ _

the Standard Error of this slope: SE(slope) - iEniwi xi -x

the number of degrees of freedom: k- number of doses - 2;

the Chi-Square statistic: x2 - EFiwr(yj -,

1. The probability of poor fit: found by integrating

n-2 _.x

F(x2 ) x x e dx according to Simpso,,n's rule;
0 2 k
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t(. 95)

Finney's "G" factor: G -;2)
ý2 (Eniwixi2 - (En

and the upper and lower 95% confidence limits:

'i

t LD

C. L. -LD5  + G(LD5  E(-G 2- (LD 0- ) 2  [

11

50 5
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EYE IRRITATION TEST: SCALE FOR SCORING OCULAR LESIONS*

(1) Cornea

(A) Opacity-degree of density (area most dense taken
for reading)

No opacity........ . .. .. .. .. .. .. .. .. ... 0
Scattered or diffuse area, details of

iris clearly visible .. .... .......................1
Easily discernible translucent areas, details

of iris slightly obscured2
Opalescent areas, no details of iris visible,

size of pupil barely discernible. .. ...............3
Opaque, iris invisible .. .. .........................4

(B) Area of cornea involved
rone quarter (or less) but not zero. .. ...............1

Greater than one quarter, but less than half .. ....... 2IGreater than half, but less than three quarters . . . 3 i
Greater than three quarters, up to whole area . . . .4

AX B X5 total maximum 80

(2) Iris

[(A) Values
Normal............. ...................0
Folds above normal, congestion, swelling, circum-

j corneal injection (any or all of these or
combination of any thereof) iris still reacting
to light (sluggish reaction is positive) .. ......... 1

No reaction to light, hemorrhage, gross
destruction (any or all of these) .. ...............2

A X5 Total maximum 10

(3) Conjunctivae

J(A) Redness (refers to palpebral and bulbar conjunc-
tivae excluding cornea and iris)

Vessels normal .. .... .......................... ....0
Vessels definitely injected above normal .. .... ......1
More diffuse, deeper crimson red, individu~.1

vessels not easily discernible. .. .................2
Diffuse beefy red. .... .............................3

*Source: Food and Drug Administration. Appraisal of the Safety of
Chemicals in Foods, Drugs, and Cosmetics. Division of Pharmacology,
Food and Drug Administration, U.S. Dept. of Health, Education, and

Welfare, Washington, D.C., 1959, p. 51.

397



E,
Appendix A

(B) Chemosis
No swelling .. .. .. .. .. .. .. .. .. .. . .0 [1
Any swelling above normal (includes

nictitating membrane). .. ....... . ............ ......1
Obvious swelling with partial eversion of lids .. .2

Swelling with lids about half closed .. .. .. .. .3
F Swelling with lids about half closed to

completely closed .. .. .... ............. . ..........4

(C) Discharge
No discharge. .. ........... ............ ......0
Any amount different from normal (does not

include small amounts observed in inner
canthus of normal animals) .. ......... .............1

Discharge with moistening of the lids and
hairs just adjacent to lids. .. ....... . ............2

Discharge with moistening of the lids and
hairs, and considerable area around the eye .. .. ....3

Score (A + B + C) X 2 Total maximum =20J
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SKIN IRRITATION TEST: EVALUATION OP SKIN REACTIONS*

(1) Erythema and Eschar Formation

Very slight erythema (barely perceptible) .... 1
Well defined erythema. .. ........................ 2
Moderate to severe erythema. .. .................. 3
Severe erythema (beet redness) to slight

eachar formation (injuries in depth) .. ........4

Total possible erythema. score. .. ................ 4

(2) Edema Formation
No edema. .. ..........................0
Very slight edema (barely perceptib~le).......1

Slight edema (edges of area well
defined by definite raising) .. ..........2

Moderate edema (ra-aed approximately 1 mm) . . . 3
Severe edema (raised more than 1 mm and
extending beyond area of exposure) .. ..........4

fTotal possible edema score .. ........ ............ 4

*Source: Food and Drug Administration. Appraisal of the
Safety of Chemicals in Foods, Drugs, and Cosmetics. Division
of Pharmacology, Food and Drug Administration, U.S. Dept.
of Health, Education, and Welfare, Washington, D.C., 1959,
p. 48.
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MAXIMIZATION GRADING FOR COITACT ALLERGENICITYk

Sensitization
Rate () Grade Classification

0-8 I Weak

9-28 II Mild

29-64 III Moderate

65-80 IV Strong

81-100 V Extreme

.I

* Source: J. B. Magnusson and A. M. Kligman.
The identification of contact allergens by
animal assay. The guinea pig maximization
test. J. Invest. Dermatol. 52, pp. 268-276
(1969).
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Ii

! HEMATOLOGY AND CLINICAL CHEMISTRY METHODS

7.
SHematlogy Methods - Peninsula Medical Laboratory!

The methods used by Peninstla Medical Laboratnry for hematological
determinations are as follows.

Erythrocyte and Leukocyte Counts (RBC, WBC)

A Coulter Electronic Particle Counter with 100-u aperture was used. 1

The instrument was standardized daily in a three-step process, as
follows. The electronics was first checked in a standard propcedure for
proper functioning. Then the instrument was standardized for erythro-
cvte and leukocyte counts (as well as hemoglobin and hematocrit)
against a 4C control standard (Coulter Electronics, Inri.). Finally,
two blood samples that had been kept from the previous day and refrig-
erated were rerun for erythrocyte and leukocyte counts. Each test
blood sample was counted in duplicate.

T[ Hemoglobin (Hgb)

Hemoglobin was determined in the Coulter counter as cyanomethemo-
globin. 2  Cyanzmethemoglobin standardf, were supplied by Coulter Elec-
tronics, Inc., as part of the 4C control standard. Each test blood
sample was measured in duplicate.

Hematocrit (Hct)

Hematocrit was calculated by the following equation:

i (Hct = RBC (106/mm3) X MCV (U3).

Mean Corpuscular Volume (MCV)

MCV was determined in the Coulter Counter after (daily) standard-
ization by the Wintrobe microhematocrit method. MCV on each test
samrple was determined in dupiicate, and Hct was calculated from the
average according to the above formula.

Mean Corpuscular Hemoglobin (MCH)

MCH was calculated as follows:

MCHHgb (g %) x 0MCmg,, RBC (106/mm6)"

-• 403
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Mean Corpuscular Hemoglobin Concentration (MCHC)

MCHC was calculated as follows:

MCHC% ( g %) . Hgb (,% %) x 100
Hct

Differential Leukocyte Counts

Leukocytes were stained with Wright's stain for examination and
counting under the microscope. Cell types identified and counted were
polymorphonuclear cells, band cells, lymphocytes, atypical lymphocytes,
monocytes, eosinophils, and/or basophils.

Reticulocyte Count (Retic).

Reticulocytes were manually counted after Methylene Blue t4 staining,
using a differential smeared slide under a microscope.

Heinz Bodies

Heinz bodies were-stained wich methyl-violet and the percentage
was calculated. Heinz bodies were not reported in the text unless
positive. I
Clinical Chemistry Methods - Peninsula Medical Laboratory

The following clinical chemistry tests were performed at Peninsula
Medical Laboratory on the blood samples from dogs and rats. These
tests represent a SMAC-20 profile as described in the Technicon manual
(Technical Publication No. UA3-0306B3, March 1976) and were done using
the Technicon SMAC high-speed, computer-controlled biochemical
analyzer (Technicon Instruments Corp., Tarrytown, New York). Standard-ization for each test was made on every forty-eighth tube (sixth rack),

using the Technicon SMAC References I and II (FDA-approved) and the
procedures outlined in the bulletins accompanying these references
(Nos. 4060-A-R8-6/RII-7-2 and 4060 B-R4-7/Rll-7-2, Technicon Instruments
Corp.).

Glucose (mg %)

Blood glucose levels were determined on sera from fasted animals
by a modification of the procedures of Gochman and Schmitz. 3 The
method basically involves oxidation of glucose with glucose oxidase
to produce H202, which then reacts with 3-methyl-2-benzothiazolinone I
hydrazone and dimethylasicline indicators to produce an intensely

colored indamine dye for determination ir. the colorimeter at 37*.

40
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Creatinine (ma
Creatinine is cnalyzed for by an automated adaptation5 of the

"original method of Jaffe6 in which the creatinine is allowed to react
with saturated picric acid in alkaline solution at 37°. Analysis in
the colorimeter is performed at 505 nm.

t Uric Acid (m&L%)

Uric acid is determined by the method of Sobrinho-Sim6es 7 as
modified by Musser and Ortigoza. 8 The method is based on the reductiont of a phosphotungstate complex to a phosphotungstite complex with
addition of hydroxylamine to intensify the color (observations are
made at 660 nm).

Sodium (meg/lite_)

r The sodium ion content of sera is determined potentiometrically,

i using a sodium ion-selective glass electrode. 9

S~Potassium (meq/liter)

Potassium is determined with a potassium ion-selective electrode. 1 0

S~Carbon Dioxide (meq/liter)

The method for determining carbon dioxide is based on the auto-
mated procedure of Skeggs and Hochstrasser. 11  Carbon dioxide, released

.firt by acid, is determined from the decrease in the red color of an

alkaline phenolphthalein solution (at 550 nm).

Chloride (meg/liter)

Chloride is determined colorimetrically using the automated
method of Morgenstern et al. 12 In this method, Hg(SCN) 2 reacts with
chloride ions in the presence of ferric ions to produce red Fe(SCN) 3
(observed at 480 nm).

Calcium (meq/liter)

Calcium is determined compleximetrically using an alkaline
solution of 8-hydroxyquinoline. 13 The complex produces a pink color
with a maximum absorption at 570 nm.

Phosphorus (meg/liter)

In(rganic phosphorus is determined by the phosphomolybdate method
of Daly and Ertin hausen 14 as modified for the automatic analyzer by

EAmador and Urban.5 The unreduced phosphomolybdate complex absorbs

at 340 nm, and the amount of phosphorus present can be determined by
difference.
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SNa+-(CJ- + CO1 ) (meg/liter)

Electrolyte balance is the numerical difference of Na+ concentra-
tion and the sams of the concentrations of C1- and of dissolved CO2.

Cholesterol (mg 2)

Cholesterol is determ!ned by the automated method ef Levine et al. 16

In this method (based originally on Chat of Huang et al. 17 ), cholesterol
and sulfuric acid react to form bicholestadienyldisulfonic acid, a
green compound measured at 630 nm in the colorimeter.

Triilycerides (mg %)

Analysis of serum triglycerides involves the enzy.-,atic hydrolysis
of the compounds to glycerol and free fatty acids. 18  A solution of
glycerol kinase and pyruvate kinase in a second channel converts
glycerol to pyruvate, which tn turn is reduced by NADH and lactic acid
dehydrogenase to lactate (followed at 340 nm).

Bilirubin (mag %)

Determination of total bilirubin in sera, like triglycerides,
involves a two-channel system for analysis. The bilirubin is reacted
with a caffeine-containing diluent that forms azobilirubin. This
solution is then mixed with a strongly alkaline sodium potassium
tartrate buffer and sulfanilic acid to yield a green complex, which
can be quantitated at 600 nm against a blank channel containing all
reagents except for the diazo compound.

SGOT (mu/ml)..

Serum glutamic-oxaloacetic acid transaminase (SGOT) activity is
measured by following the rate of change of NADH absorption at 340 nm
and 370 produced by maleate dehydrogenase. The latter enzyme system
is coupled with GOT-catalyzed transamination of aspartic acid and
a-ketoglutaric acid in the medium. 2 0

SGPT (mu/ml)

Serum glutamic-pyruvic acid transaminase (SGPT) activity is
monitored in the same manner as SGOT, except that alanine is substituted
for aspartic acid and the coupling enzyme is lactate dehydrogenase. 2 0

LDH (mu/ml)

Lactate dehydrogenase (LDH) activity is determined directly by
monitoring the rate of change in absorption at 340 nm in the presence
of added L-lactic acid and NAD+.12
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Alkaline Phosphatase (mu/ml)

SThe Technicon method for determination of alkaline phospha"ase
involvcz the hydrolysis of stock -nitrophenyl posphate solutions by

a peno pr~ict ont~redat 10 tim and 370 Vat pha 10.25.2s1bthe enzyme in the presence of Mg2  to produce a bright-yellow R-nitro-! i.phenol product (monitored at 410 nm and 37*) at pH 10.25.21 !

iron (mcg %)

Serum iron (expressed as microgram %) is determined by reacting
3-(2-pyridyl)-5,6-bis-(4-phenylsulfonic acid)-i,2,4-triazine (trade-
marked as FerroZine) in the presence of ascorbic acid to liberate
transferrin-bound Iron. 2 2  The FerroZine complex in a sodium acetate A
medium is measured colorimetrically Lt 560 nm.

Total Protein (g %)

The method for total protein is based on the biuret method,
automated for use with the Technicon analyzer.10

Albumin (g %)

The Technicon method utilizes the reactivity of albumin with
bromcresol green (BCG) to form an albumin-BCG complex that can be

T quantitated colorimetrically at 630 nm. 2 3

Globulin (g %)

Globulin is the difference of total protein and albumin deter-
iminations.

A/G Ratio

The albumin-to-globulin (A/G) ratio is calculated individually

a computer program.

Hematology Methods - SRI

Hematological and clinical chemistry determinations on rat sera
from the LAP(I) study (Part 4) were conducted in the SRI Clinical
Chemistry Laboratory. The methods used in the laboratory for hemato-
logical determinations are as follows.

Erythrocyte, Leukocyte, Hematocrit, and Mean Corpuscular Volume

* ~A Coulter electronic particle counter (Model ZBI) with a 100-pi
aperture1 is used to determine hematocrit, erythrocytes, leukocytes,
and mean corpuscular volume (MCV). The instrument Is standardized
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daily in a two-step process as follows. The electronics is first
checked for proper functioning by a standard procedure. Then the
instrument is standardized for erythrocyte and leukocyte counts and
for hemoglobin, hematocrit, and mean corpuscular volume against 4Cnormal and abnormal control standards (Coulter Electronics .ýuc.).
Each blood sample was counted in duplicate.

Hemoglobin (Hgb)

Hemoglobin is determined in a Coulter hemoglobinometer as cyano-
methemoglobin. 2  Cyanomethemoglobin standards were supplied by Coulter
Electronics Inc. as part of the 4C control standard. Duplicate tests
were run on each blood sample.

Mean Corpuscular Volume (MCV)

MCV is determined in the Coulter counter after (daily) standard-
ization by the Wintrobe microhematocrit method, MCV on each test I
sample is determined in duplicate.

Hematoprit (Het)

Hematocrit is calculated from the following equation:

"Hct = RBC (10 6/1rm3) x MCV () 3)

Mean Corpuscular Hemoglobin (MCH) I
MCH was calculated as follows:

MCH Hgb (g ) x 10
RM C (10 xmm

Mean Corpuscular Hemoglobin Concentration (MCHC)

MCHC is calculate-d as follows:

MCHC % (g %) =gb (g %) x 100= -Hct . .

Differential Leutkocyte Counts

Leukocytes are stained with Wright's stain for examination and
counting under a light microscope. Cell types identified and counted
are polyncrplonuclear c ells, band cells, lymphocytes, atypical lympho-
cytes, monucytes,, ecsincphils, and/or basophils.
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Reticulocyte Count (Retic)

Reticulocytes are counted on a brilliant cresyl blue-stained
differential smear under a microscope.

Heinz Bodies

Heinz bodies are stained with methyl-violet and the percentage is
calculated. Heinz bodies were not reported in the text unless the
test was positive.

Clinical Chemistry - SRI

The clinical chemistry tests described below were performed at SRI
International on the blood samples. These tests represent a GEM 15
(GEMSAEC 15) profile as described in GEMSAEC manual (Technical Publica-
tion No. I.M. 030085, May 1976) by Electro-Nucleonics, Inc. (Fairfield,
N.J.).

GEMSAEC is a computerized and automated blood analyzer system
made up of five component modules. GEMSAEC performs either end-point
or kinetic type analyses. The instrument centrifugally mixes reagents
and clinical samples, moving the mixture thronigh the light path of a
spectrophotometer, the output of which i converted to digital data
for computation in a digital minicomputer and ±s princed
out on a teletypewriter. A small iltegral oscilloscope allowa visual
monitoring of analyses. Standardization for each test was made on'
every 16 samples, using Smith Kline Instruments inc. reference 'ere
(normal and abnormal).24' 2 5

BUN (mg %_

The GEMSAEC method used for determination of BUN is a modification
of the procedure described by Talke and Schubert. 2 6 This method of
determining urea in blood involves release of ammonia from urea by the
action of urease. It serves as substrate with a-keto glutarate for
the enzyme glutamic dehydrogenase, forming glutamate. In this reaction,
reduced nicotinamide adeninedinucleotide (NADH) is oxidized, the
amount being proportional to the amount of urea in the sample. The
oxidation is followed quantitatively by the decrease of abtso;banue at
340 nm as NAD+ is formed from NADH.

Creatinine I(mg %)

Creatinine is analyzed by the original method of Jaffe, 6 in !Wnich

the creatinine is allowed to react with saturated picric acid in
alkaline solution at 300 to produce a bright orange-red solution.
Analy3is in the colorimeter is performed at 520 nm.
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Uric Acid (m

For dAterminationa of uric acid in clinical specimens, uric acid is
oxidized by the specific enzyme uricase to allantoin, CO?, and H2 0 2 . 2 7

In the presence of catalase, the H2 02 formed is used to oxidize
methanol to formaldehyde. The formaldehyde is transformed by the
Hantzsch reaction, 2 8 in the presence of acetylacetone and ammonia,
into a yellow-colored lutidine derivative. The yellow color of this
dye is directly proportional to the concentration of uric acid. The
color is measured photometrically between 405 and 415 nm.

Calcium (mag %)

The GEMSAEC calcium analysis determines calcium colorLmetrically,
using a metal-complexing dye, cresolphthalein compley, and a diethyl-
aminie base reagent. 8-Hydroxyquinoline is present in the test to
eliminate any interfer'nne due to magnesium ions. A red-purple complex
forms that is proportional ta the amount of calcium present.29

Phosphorus (mg %)

Inorganic phosphorus is d-termined by the phosphate ions in the C
serum reacting with ammonium eolybdate in the preqence of sulfuric
acid 30 'to form phosphoromolybdic' acid. This ia then reduced by ferrous
ammonium sulfate to form a blue-c;I.oled complex with a maximum absoro-
ance at 675 nm. T•e formation of the blue covplex Is proportional to
the concentration of phospborus in the nample.

•' Gluco~et_ %)

Glucose reacts with adenosine triphosphate (ArP) in the presence
of hexokina6e with the formation of glucose-C-phosphate and adenosine
diphosphate (ADP). Glucose-6~p;,osphate reacts wi.th nicotiniamide"

adenine d'-nucleotlde (NAD+) in the pruc'ýnce of glucose-6-phosphate
dehydroganase with the formation of 6-phosphogluconate and NADH. Th..'
NADH produced absorbs strongly at 3 40 - hm.31hgu

Total Bilirubin (mug %)
•Determ.ination of sermn bilirubin In the GEMSAFC is effected in

the pre:sence of caffeine. Sodium benzoate bilirubin couples with
dtazotized sulfanilic acid to form azobilirubin,. which is pink and
has an absorbance maximum around 545 nm. This reaction is very rapid
and is performed outside the anialyzer by adding caffei~ne sodium
benzoate to the serum. Addition of sodium-pot-_ssium tartrate changes
the pH to highly alkaline and moves the absorbanc.e maximum to 600 nm-
The aboorbauce at 600 nm is proportional to the tntal bilirvbin
concentration in the serum. 33 ,i
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U Cholesterol (mg %

Cholesterol is determined by the automated method of Allain et:
al.3  in which cholesterol esters are hydrolyzed to free. cdolesterol
and fatty acids by cholesterol esternse. The cholesterol released by

t ~th~is procees and that pre-existing free in the sample are then oxidized
V by the enzyme cholesterol oxidase. The hydrogen perioxide released ir

the oxidation step reacts with 4-aridnoantipyrine and phenol in the
presence of horseradish peroxidase.. The qu-.none imine product is
red in color, with X mxat 500 rm.

( Triglycerides (M& %

Analysis for sertum triglycerides involve~s the enzyrnatirn hydrolysis
of the compounds to glycerol a.td free fatty acids.16 A colution i~f

I.. glycerol kinase an%ý pyruvate kincise coinv._rts glycevol to pyruvate,
which in turn is reduc:Ad by A4ADH and lactic. cehydragenace to lactcte
(followed at 340 vaai).

§GOT (IU/

Serum4 glutam..c-oxaloacetic acid transaminase (SCOT) activ.ity is
W vieaubured by following the rate o~r change of NADE absorption a:- 34C, rim

raad 30' produced by malceate dehydrogenass. The latter eaky)me syatens
is coupled with GOT-cacalyzed transamination of aspartic aclid and
'x- etoglutarate in the me-dium~.34'35

SGPL U/L)

tored inthe same manras SOOT except that a&Axeissusitutedofur

aspat~caci an thecoulin enytieis actte ehydrogenase.

1. Lactate dehydrogenase (LDH) activity is d.itertrined directl.y by
monitorin'g the rate of change in absorption at 340 rim in the presence
of added L-lactic acid and NAD+.12I;;.Alkaline Phojr'hatase (lu/L)

In the GEMSAEC method for determining alkaline phosphatase,
j2-nitropaienyl phusphate Is used as the substrate anid the enzyme acts
to form 1a-nitrorlhenol and inorganic phosphate or mannitol phosphate

an proiucts. The released 2:-nitrophenol. iG in the form of the
dissociated phcnylate ion at the. reaction pH, which form has a distinc-

* ~403 nm.3
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Total Protein (g-L) 1'
The method for total protein is based on the 1'-.uret method,

adary ! - use with the GEMSAEC analyzer. 3 7 '

.,lbumin (gIL)

The GEMSAEC method utilizes the reactivity of albumin with bromo-
cresol green (BCG) to form an albumiu-BCG comp±Lx that can be q%.anti- U.
tated colorimetrically at 628 nm. 2 3

Other

Globulin and albumin/globulin (A/G) ratios are not ordinarily a
part of the SRI Clininal Chemistry Laboratory output with the GEISAEC.
Approximate values for each may be calculated using the total protein
and albumin mean values in the clinical ihemistry tables. 'These cal-
culatl.ons were done by hand, but since no consistent pattern vas
found in the resuits, the computer was not reprogrammed to include
these data in the tables.

I
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4

URINALYS IS

Urine samples were collected from dogs, mice, and rats at sacrifice
and sent to Peninsula Medical Laboratory for analysis. The following
tests or observ'tiLjnj were made: color, specific gravity, pH, albumin,
sugar, appearance, WBC, RBC, epithelial cells, casts, bacteria, and
crystals. The standard methods used at Peninsula Medical LaboratoryVaare as follows.
I. MACROSCOPTC EXAMINATION

A. Report color of sample.

1 1. Normally, almost colorless (straw), light yellow, yellow,
dark yellow or amber.

j 2. Pathological sample may be red, reddish brown, milky,
port wine or beer brown.

3. Non-pathological coloration from drugs and food may beI red, blue, brown, green or yellow.

B. Report turbidity as:

Clear, slight, moderate, or marked.

C. Specific Gravity.

Refractometer: For samples of less than 25 ml. urine, use TS
(total solids) meter. Add one drop of urine to prism allowing
&ample to fill space between prism and cover by capillary
action. Rinse well between samples.

Read scale at the pcint of the dividing line between light
and dark fields. Clean pri-sm with soft cloth or tiasite only.
Do not immerse fn water.

Normal values are 1.003-1.030.

.D. pH1.

1. Use Nitrazine paper and compare the color that develops
to the color scale on the dispenser.

I ). V 417
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2. Normal value is 4.8-7.5. {
3. Alkaline Urine

I. Due to breakdown of urea to ammonia.
ii. After ingestion of heavy meal.

iii. After ingestion of alkaline drugs.

E. Sgr

1. All samples for routine urinalysis:

Dip Tes-Tape into urine. Vead color change if any in
ONE minute. Compare with color chart on dispenser and
report results.

2. Normal value is a negative glucose. _

3. Samples from pediatrics and nursery: (Not applicable
In addition to Tes-Tape, do a Clinitest. SIi

i. To 5 drops of urine and 10 drops of water, add 1
Cli:'itest tablet. Watch reaction. If color changes
from oý'ange to some shade of brown, a sugar content
greater than 2% is present and should be recorded
thus without reference to tb- color chart. i

ii. Wait 15 seconds after boiling stops; shake gently
and compare with color chart. -

iii. Report Tes-Tape results in Glucose column and
Clinitest results ii space marked "Other".

4. Principles of Tes-Tape:

The strip contains the enzyme glucose oxidase and a
catalyst chromogen substance. When dipped in a solution
of glucose, the following reaction occurs:

GLUCOSE OXIDASE
Glucose 4- 02--- Gluconl acid + H 0

2 2 2
PEROXIDASE

H 0 + chromogen -Oxidized chromogen + H2 0
22 (green) 2

4'1
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5. Principle of Clinitest:

This is a self heating tablet method for the determination
of reducing substances. Reagents include copper sulfate,
citric acid, sodium hydroxide, and sodium carbonate.
Citric acid and sodium carbonate act as effervescents
to aid solution of tablet and sodium hydroxide provides
alkaline media, Cupric ions (++-) are reduced to cuprous
oxide (Cu2 0O), giving a color change from blue to orange,
depending on the amount of reducing substances present.

HEATr +
2 Cu + Reducing substance Cu oxidized product

ALKALI

Sugars which reduce copper: Other reducing solutions:

1. Glucose 1. Creatinine

2. Fructose 2. Homogentisic acid
3. Lactose 3. Uric acid
4. Galactose 4. Salicylates
5. Pentcse 5. Penicillin
6. Maltose 6. Streptomycin£ 7. Ascorbic acid

8. Para-amino-salicylic
acid

F. Protein.

To 5 ml. centrifuged urine sample, add 4 drops of 20% aqueous
sulfosalicylic acid. Grade turbidity as follows:

Negative.. .no turbidity
Trace ..... cloudiness perceptible against black background
"1 +......... cloudiness distinct but not granular and barely

seen when held up to light
2+ ......... cloud is distinct and granular when held up to light
"3+ ........ cloud is heavy with distinct flecculi
4+ ......... cloud is dense with large flocculi and may

precipitate completely

Normally no protein is detected in urine. Non-pathologic
S •- iprotein uria may be caused by:

1*. Excessive exercise
2. Exoosure to cold
"3. Orthostatic albuminuria
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False positive results for protein by sulfosalicylic acid method:

1. Orinase (Tolbutamide - medication for mild diabetics)
2. Penicillin - massive doses
3. Gantrisin
4. Para-aminosalicylic acid
5. X-ray cont':ast media

False negative results may be caused by highly buffered alkaline
urine.

G. Ketone Bodies. 1*

1. Ketostiy:

Dip test end into urine. Read in 15 seconds and compare
with color chart. Positive reactions occur with 5-10 mg.
% acetoacetic acid.

2. Acetone and acetoacetic acid react with sodium nitro-
prusside to produce a purple complex, the intensity oi
which is proportional to the concentration of ketones [
present. Acetoacetic acid is irreversibly converted to
acetone upon standing. Test should therefore be done
on a relatively fresh sample.E

3. False positive reactions obtained in urine containing:

i. Bromsulphalein
ii. Phenylketones (in quantities greater than 100 mg. %).

II. MICROSCOPIC EXAMINATION

Centrifuge .0 ml. urine for 5 minutes at 3/4 speed in conical
centrifuge tube. Decant all but 0.2 ml. in tube. Mix well.
Concentration is now 50 X. Supernatant may be used for protein
determination. Add one drop of well mixed sediment to slide and
cover with cover glass.

Low power 10 X.

1. Casts: Report number and kind/low power field. 1.
Cellularity - WBC cast

RBC cast
Epithelial cast
Hyaline cast
Waxy cast
Coarse granular cast
Fine granular cast

420
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Size Broad
Narrow

Shape - - - Report if convoluted

2. Cylindroids: Report number.

3. Mucus threads: Report as few, moderate, many.

4. Epithelial Cells: Report kind - squamous, round, caudate.
Report amount - few, moderate, many.

5. Crystals.

Acid urine:

A. Uric acid
B. Calcium oxalate
C. Amorphous urates (dissolves with heat)
D. Others

Alkaline urine:

A. Triple phosphates
B. Calcium phosphate
C. Calcium carbonate
D. Ammonium urateI E. Amorphous phosphates (dissolves in acetic acid)

Report as few, moderate, or many in low power field. Identify
"crystals under high power.

High power 45 X

1 Report number/high power field.

I. WBC
2. RBC
3. WBC clumps
4. Yeast
5. Trichomonads

( 6. Spermatozoa

Report bacteria as few, moderate, or many.

42
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STATISTICAL METHODS

A common tabular format has been developed to allow a rapid com-
parison of group results from toxicologic studies. For the majority
of the parameters measured in such studies (body weights, weight gains,
organ weights, hematology, and clinical chemistry), the tables contain
the mean parameter value for each treatment group along with the

f / standard error of the mean aind the number of animals in the group.
* For food consumption (which is measured on a cage basis rather than on

an animal basis), the tables contain the mean food consumption for
each treatment group and the number of animals in the group. The
tables compactly display a large portion of the quantitative data

I. gathered in the study (aside from observ•ations made during the study
on animal appearance and behavior and during necropsy on abnormalities).

Statistical procedures have been applied to the dsta in the tables
to vid the investigator in identifying the significant results (that
is, difference in mean parameter values that would be unlikely to have
resulted from natural biological variability).

In this study on TNT wastewaters, the statistical tests were
applied to the data on body weights, weight gains, organ weights,
hematology, and bl)od chemistry whenever the group size was three or
larger. The statiscical tests were not applied when the group size
was one or two animals, since the tests depend on the approximate
normality of the distribution of the mean and these sample sizes were
judged too small to give reasonable assurance of this normality.

To permit easy identification of the statistically significant
results and to form a visual pattern that will naturally lead tha
investigator's attention to clusters of significant resuits. the signi-
ficance of these statistical tests is denoted by the use of symbols
(+, *) and letters (A, B, C, Di placed on the same tables as the means,
standard errors, and group sizes.

The first statistical test is Bartlett's chi-square test.* This
test examines the variances if the treatment and control groups and
flags the condition of unequal variances. If Bartlett's chi-square
test is not significant at 'the 5% level, no symbol is printed in the B
column. The symbol * denotes that the test is significant at the 5%
level and the symbol + denotes that the test is significant at the 1%
level. The primary use of Bartlett's chi-square test is in the
selection of the proper statistical tests for examination of the means
of the treatment and control groups.

* K. A. Brownlee. Statistical Theory and Methodology in Science and
Engineering. John Wiley and Sons, New York, c. 1960, pp. 225°-226.
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Next each treatment meun is examined to determine whether it is
significantly larger or smaller than the control mean. If the Bartlett's
chi-square test is not significant at the 5% level, the statistic used
far thit comparison is a t-statLstic computed with a pooled variance
estimate. This statistic is compared with a Scheffe multiple comparison
cutoff value for contrasts to determine its significance. The pool d
varience estimate is derived using all the groups. This test is known
as Scheffe's test* and, as a simultaneous statistical procedure,
guarantees a significance level of 5% or 1% over all the treatment-
control comparisons. If Bartlett's chi-square test is significant at
tha ý% (or 1%) level, the statistin used for the treatment-control
coMpar'?on is.A t-statisetic computed with separate group variance
estimates. This statistic is compared with a Student's t-cutoff value.
This t-test is not a simultaneous test. On the basis of Bartlett's
chi-square test, the com~puter automatically decides which treatment-
control comparison to compute. In either case, a result significant
at the 5% level is denoted in the T column by a * and a result signi-
ficant at the 1% level is denoted by a +. V

While the t- and Scheffe tests assess whether the treatment and
control means are significantly different, Finney's ratio testf assesses
the magnitude of that difference. Finney's ratio test is a procedure

for examining the ratio of each dose group mean to the control group
mean, while taking into account the variability demonstrated in the
data. In particular, this test is used to form a 95% confidence
interval for the ratio of a dose group mean to the control mean. If

P the confidence interval lies entirely above 1.10 or below 0.90, the
symbol A ia printed. If the confidence interval lies entirely above
1.20 or below 0.80, the symbol B is printed. The symbol C corresponds
to an interval above 1.35 or below 0.65 and the symbol D corresponds
to values of 1.50 and 0.50. Thus, using Finney's ratio test, if the
letter D were printed, we might be able to say that we are 95% confident
that at the highest dos. level the mean response is at least 150% of
the control group mean response. The computer program automatically
uses either separate or pooled variance estimates in Finney's ratio

i: test, depending on whether Bartlett's chi-square test is significant.

The ratio test is not a simultaneous test statistic in either case,
however. The symbol x is printed if the ratio test cannot be computed.

* A. Scheffe. -he Analysis of Varianc,. John Wiley and Sons, New
York, 1959, pp. 20-21.

t- D. J. Finney. Probit Analysis. Cambridge University Press, England,
1971, pp. 76-80.
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PATHOLOGY

L

[ ~EuthanasiLa

Dogs are anesthetized with T61 ur soditun pentobarbital intra-

venously; then they are excanguinated. Rats and mice receive sodium

Spentobarbital.intrapeltoneally.

Postmortem (Gross) Examination

External

The physical condition of the animal is observed and recorded.
Lesions are sought in skin, eyes, and other structures in which they
are externally evident. The nature and quantity of discharges from'I
any of the body openings are also noted.

Internal

The carcass is opened systematically, starting anteriorly and
proceeding caudally. The brain is removed first, followed by the eyes.
Neck organs, thoracic, abdominal and pelvic viscera are observed
in situ and removed. Hollow viscera are opened and examined grossly.
Solid viscera are carefully sliced and examined. All abnormalities
are described. Specimens 5 5 mm thick are placed in neutral buffered

V formalin for not less than 3 days.

Organ Weights

Specified organs are trimmed, each in a routine manner, and the
V" weights are recorded. Fluid is released from cholecyst for liver

weight, and in the case of large animals the heart is opened for
I release of unclotted blood or removal of clots before it is weighed.

The ratio of urgan weight to body weight and to brain weight is
determined.

Microscopic Examination

Specified fixed tissues and lesions that always include some
adjacent normal tissue are processed to H & E slides for histopathologic
evaluation. If, in the judgment of the pathologist, special stains

I. Iare required, they are requested.

Reports include individual findings, group incidences, intergroup
comparisons, and determinations of spontaneity or relationship to
experimental treatment.
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CALCULATIONS, STANDARDS, AND BACKGROUND DATA
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" WORK SHEET FOR LD5 0 CALCULATIONS (THIOMPSON and WEIL)*,

Ipound No, . Date rutubated

_____ ____ Date of Calcula~tiaA

S= _ "r values = O , 15 _ _,_.___ ,

I ( *L,.•4 .. . . Ufu .2 33 •

oe dose (Da) = __ _ _ 1og Da _ _ _ _ __9_

II

?~osago ratio 2-d log dosage ratio________

l,,og~m log Da + Ed .(f 4 1)]

i 1" =

!4

1nti log of 'tog _____ _ 57.

.9%Confitdencs limi~ts log v. + 2d c*

2d Of

I:X
log M +__ _ -~ _ _ _ _ _ anti log _ _ _ _ _ _ -

lot al Lantilog _____

and 954 ,O.fidn• e Li.,mi.,ts = ( . . . . - . mg/,,.,

. ' C. S. Weil. -ables 2or convenlcnt calculation of median- Project No.
effective dos3 (LD50 or ED5O) and Lnstructions in their use.
Biumetrics 8, 249-263 (1952).
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WORK SHEET FOR LDso CALCULATIONS (THOMPSON and WELL)

Co.mpoud No. -, "__\'T"_ Date Intubated _

Code Date of Calculation

"" 10 r values = 91 L .

S=, O, (,,A -T o-. 0 ____ 4___ " _ __ _Lowes.t ,dose (Da) - 0 •/.-.log Da .<qi

SDosage rati;o ' -d -- log dosage ratio . 5 0•

og _=log Da + (d . (f + i

V , i

,ant i log ofl log mn__ ,_!.._ _

95% Confidence limits log m h 2d f

2d - Of

=I

log_ M + anti lo (j

log a"" anti log

L,. 0 and 95% Confidence Limits m_ '-

Project No.
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SRI - CHOEICAL AND ENVIRONIIENTAL TOXICOLOGY B-3

WORK SHEET FOR W560 CALCULATIONS (THOMMsc and WEIL)

ompound No. Di2 .... _ [tate Intuba.ed,

Code Date of Calculation

_____________r rvalues~___ ___ o1

Lowest dose (Da) 250 log Da..

1. Dosage ratio - 2 d = log dosage ratio ."0 10 .3

£ log m = log Da + Ed (f + )"

T -

[1.

anti log of log m___ _ _ _-__ __ __ _

95% Confidence limits = log m I 2d 0 CfI.
2d O f = .o(,02.

logi __ _ _ + anti_ log 23$~ 70

log. __ _ _ _ _ a _ _ _ _ _ _ _ _ _ nt ilog _____ ____

4L 0and 95% Confidence Limits (0.(00 (-,.... 5-74L. -7 q mg/kg1

Project No.,_____

431

,d"



/ WORK SHEET FOR LDSo CALCMATIONS (THO~WSON and WELL)

-ompound No. Mi_ Date Intubated _

Code _____________ Date of Calculation - 2

Ur- = _ r values 2. , ..... ,

04 = , '- _ _f 0 (ro_ ______

* Lowest dose (Da) ;k S l"C e og Da~ _7_______7_________9_

t

Dosage ratio ___ _-_d log dosage ratio = 30103

lo.m = log DR + Cd . (f + I)])

il II :

anti log of log m G_ S2 7S-_6

95% Confidence' limits log m k 2d of
I

2d f ki AO34s.

______g _____ +t~ =anti log ______ Ii 1

log- _ _ _ _ - ,, ,. = k,'7__ _ = antli og= log5Z3.7 =

.l and 95% Confidenc, Limits /kg( j. - ) m,,Ic,

Project No. a629, .
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C5028-1 Lr150 RDX RAT-FEMALE ENTRY:SG 7/11/78

I PARTIAL RESPONSE - DATA SET REJECTED

DOSE NUMBER MORTALITY
25.00 !0. 0.
50.00 10. 0.
75.00 10. 9.

100.00 10. 10. .
150.00 10. 1O.
200.00 10. 1O. [
2 5 .0 lO 1 . 0o. I

EXIT
!

LD50 not computed.
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I L ,,IIII/rI.

1< L.

C 5028-1 LD50 TNT/RDX MICE-FENIALF FNTRY:SG 7/11/7P.
I PARTIAL RESPONSE - DATA SET REJECTFD

DOSE N UM bER M io PTA L I'l

30O,). 10 U0 I.
4 50.0 1OI0.4
600.00 10.• 1.

!750.00 10 4.

S~EXIT
/ i

LD50 not computed.
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Appendix B

l ii

. PRECISION OF H .{ATOLOGY AND CLINICAL CHEMISTIV TESTS

I: Peninsula Medical Laboratory, a fully state-accredited clinival
test laboratory in Menlo Park, Califo;:..ia, performed daily standard-
ization tests for hematology and clinical chemistry before and during
examination of the test samples. Records of these daily standardization
tests were not supplied.

PML subscribes to the Proficiency Test Service conducted by the
American Society of Internal Medicine (205 W. Levee Street, Brownsville,
Texas 78520). Quarterly, this service sends PML samples uf two different
sera or solutions for hematologi.cal and clinical chemistry analyses.
When returned to American Society of Internal Medicine, ths results are
compiled and statistically analyzed for all the participants in the
service. A report of the results of the survey are returned to PMTr
within 15 days after submission. Tables B-1 and B-2 summar!.ze the
hematological and clinical chemistry results of PML's participation
in this service for the period covering the subacute studies on TNT and

I LAP. PML is also tested quarterly by this service for urinalysis. The
results of these tests for the same period are too voluminous to
summarize here but will be forw.a.rded with raw data on the studies in
this volume to USAMRDC.

4

1.

t~ I.
I

a.
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Appendix B

Table B-i

PROFICIENCY TEST SERVICE REPORTS (967)

ON HEMATOLOGY VALUESb FROM PENINSULA MEDICAL LABORATOR.YL

Parameter PML ReferenceC All Participauta d

RBC (x 106) 3.25 3.19 3.20 ± 0.11

Hgb (g %) 9.55 9.55 9.58 ± 0.25 1
Hct (%) 21.1 21.7 21.7 ± 1.07

3WBC (x 103) 10.7 10.4 10.5 ± 0.51 1
Segmented (Z) 57.4 54.6 54.6 ± 5.9

Band (%) 5.44 5.59 5.59 ± 3.9 L
Lymphocytes (%) 28.9 21.6 21.6 ± 6.3

Atyp. Lymp. (%) 4.0 4.8 4.8 ± 2.5

Monocytes (%) 3.11 3.42 3.42 ± 1.89 1
Eos.!nophils (%) 9.33 8.40 8.40 ± 2.33 I
aAn average of five quarterly results reports spanning the last quarter

of 1976 and all of 1977.

bMeans are reported.

CAmerican Society of Internal Medicine means.

dMeans ± standard deviations.

44II
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Appendix B

F •Table B-2
Ea

PROFICIENCY TEST SERVICE REPORTS (1976-77)a
ON CLINICAL CHEMISTRY VALUES FROM PENYi ILA MEDICAL LABORATORY

S~b
Values

Parameter PML Referencec All Participantsd

Albumin (g %) 3.30 3.30 3.88 ± 0.27

Alk-P 2.54 2.37 2.38 ± 0.52

Bilirubin (mg %) 2.33 2.24 2.35 ± 0.33

Ca2 + (mg %) 9.37 9.48 9.52 ± 0.44

C1- (meq/1) 93.2 99.4 100.3 ± 3.3

Cholesterol (mg %) 132 132 132 ±15

I Creatinine (mg %) 3.21 2.85 2.98 ± 0.26

Glucose (mg %) 97.9 104.6 102.2 + 8.7

Fe (mcg %) 121 108 ii +_ 12

LDH 1.73 1.75 1.74 ± 0.19
P (mg %) 4.82 5.15 5.15 ± 0.35

K+ (meq/1) 3.90 3.96 3.99 ± 0.11

Protein (g %) 5.91 6.00 6.02 ± 0.19

Na+ (meq/1) 130 133 133 ± 2.8

SGOT 1.65 1.71 1.72 ± 0.31

SGPT 1.36 1.45 1.43 ± 0.30

Triglyceridea 59.7 75.4 85.1 ± 24.6

BUN (mg %) 21.6 21.4 21.4 ± 1.6

Uric acid (mg %) 6.44 6.85 6.85 ± 0.75

aAn average of five quarterly results reports spanning the last quarter

of 1976 and all of 1977.
bMeans are reported.

CAmerican Society of Industrial Medicine means.

1. dMeans ± standard deviations.
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Appendix B3

BACKGROUND DATA

Background data on dogs, rats, and mice are normal values for '

control animals as determined in these and other studies. Several
sources of information are available for deriving normal ranges of
values for body weights, hematology, and clinical chemistry. Marshall
Laboratory Animals supplied us with the hematology and clinical chemistry
determinations made on their beagles by other customers. Tables B-3
and B-4 summarize these values.

We have conducted a number of subacute studies for other clients
with Sprague-Dawley rats. Tables B-5 and B-6 present the range of

values obtained for the controls in these studies. (Hematology andI
clinical chemistry determinations were conducted at Peninsula Medical
Laboratory.)

ognIn the studies for USAMRDC, we pooled control data on body weights,

ognweights, hematology, and clinical chemistry for dogs, rats,
and mice for reference (Tables B-7 through B-12). These data are most
appropriate for providing the normal range of values for comparisons
with treatment means since these controls span the period of testing
for USAMRDC and the same analytical methods are used on these animals.
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Appendix B

Table B-3

SHEMATOLOGY OF BEAGLES FROM MARSHALL LABORATORY ANIMLS*

Valuest
Parameter Males Females

Hgb (g%) 15.6 ± 1.9 16.3 _ 2.2

Het (X) 45.4 ± 5.6 47.9 ± 4,4
3

WBC (x 103) 15.0 ± 3.7 1.3.7 - 3.4

PMN (Z) 60.6 ± 12.8 61.8 ± 8.8

Lymphocytes (%) 33.7 ± 7.6 34.8 ± 8.4

Monocytes (%) 1.3 ± 1.2 1.1 ± 1.2

Eosinophils (%) 2.5 ± 2.7 2.1 ± 3.0

1. Basophils (%) 0.08 ± ).35 0.045 ± 0.3

Retic (% x 1000 RBC) 0.37 ± 0.36 0.42 ± 0.40

4

* Values are derived from averages for 100 male or 100 female dogs
(age, 9 to 12 months) supplied to Marshall Research on its beagles
by customers.

t Means ± standard error.

I.45
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Appendix B

Table B-4 a[
CLINICAL CHEMISTRY OF BEAGLES FROM MARSHALL LABORATORY ANIMALSa

Parameter Males Females

Glucose (mg %) 80 ± 7.6 76.5 ± 10.4

BUN (mg %)15.9 ± 4.0 17.8 ± 4.3

Serum Na+ (meq/liter) 149.8 ± 12.4 149.1 ± 16.7

Serum K+ (meq/liter) 4.9 ± 0.48 4.8 ± 0.49

SGOT (Wrobi. units) 16.4 ± 13.1 16.7 ± 13.4

SGPT (Wrobi. units) 10.4 ± 9.1 11.5 ± 7.5

Alk-P (Bessy-Lowry units) 2.8 ± 1.0 2.4 ± 1.21

Serum protein (mg %) 6.0 ± 0.62 6.1 ± 0.70

aValues are derived from averages for 100 male or 100 female doga (age,
9 to 12 mo) supplied to Marshall Research on its beagles by customer.

bMeans ±standard error.
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r I Appendix B

P
JTable B-5

RANGE OF HEMATOLOGY VALUES IN RATS*

Range of Values
Parameter Males Females

V RBC (x 106) 5.44 - 8.35 6.06 - 7.87

Hgb (g Z) 12.0 - 14.8 12.3 - 15.2

SHct (Z) 36.1 - 42.8 37.2 - 43.1
MCV (,)3 48-68 50-64

1. MCH (1'1g) 16.8 - 22.0 18.3 - 20.4

MCHC (Z) 33.0 - 35.7 32.3 - 35.5

WBC (x 103) 6.2 - 15.1 5.5 - 14.5

Neutrophils (Z) 7 - 27 3 - 35
IiBands M% 0 0

Lymphocytes t%) 70 - 92 58 - 95

Monocytes (%) 0 - 4 0 - 7

Eosinophils () 0 - 3 0 - 4

Basophils (%) 0 0 - i

*Values were obtained from control rats (approximately 35 of each'sex)

from other subacute studies at SRI with Sprague-Dawley rats conducted
at Peninsula Medical Laboratory.
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Appendix B

Table B-6

RANGE OF CLINICAL CHEMISTRY VALUES IN RATS*

Parameter Examined Males Females
G148 - 264 142 - 211

Glucose ',mg %)14

BUN (mg %) 13 - 26 14 - 25i

Creatinine (mg %) 0.2 - 0.6 0.4 - 0.9

Uric acid (mg %) 1.1 - 3.9 1.1 - 3.3

Na+ (meq/l) 138 - 144 136 - 144

K+ (meq/l) 4.1 - 6.1 4.2 - 5.7

CO2 (meq/1) 19 - 32 18 - 28

C1- (meq/1) 99 - 107 99 - 1.09

Ca2 + (mg %) 9.4 - 11.4 9.? - 11.0

P (mg ) 5.3 - 10.0 4.3 - 8.9

Na-[Cl + CO2] 10.00 - 17.00 9.00 - 17.00

Cholesterol (mg %) 38 - 83 56 - 89

Triglycerides (mg %) 74 - 282 20 -. 216

Bilirubin (mg %) 0.1 - 0.2 0.1

SGOT (mu/ml) 126 -- 419 109 - 266

SOPT (muhnl) 34 -124 25 - 62

LDH (mu/mi) 350 - 3700 8C0 - 2415

Alk P (mu/ml) 178 - 689 la - 386

pron (me% %) 171 - 549 216 - 412

Total protein (g %) 5.G - 6.5 5.4 - 6.8

Albumin (g %) 2.3 - 3.3 2.7 - 3.6

Globulin (g %) 2.3 - 3.3 2.6 - 3.7

A/G 0.80 - 1.17 0.76 - 1.19

*Values were obtained from control rats (approximately 35 of each sex)

from subacute studies on other contracts at SRI with Sprague-Dawley
rats. The tests were conducted at Peninsula Medical Laboratory.
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p• TABLE 8-7
POOLID STATISTICS FOR SUBACUTE DOG tTUDIRI &T4n*

HALtl

VARIAILE l NEAR It NORMAL RANGE 2 8,0.)

INIIAL 60 9.43 .20 4o54 - 12.73
WEEI K 15 9.59 .41 4.40 - 12.74
WERE 2 15 9.73 .41 4.52 - 12.93
Wait 3 15 9.79 .36 6.96 - 12.60
Vilt 4 i5 I.97 .36 6.99 - 12.94
V19K % 13 9.9a .41 1.01 - 12.6y
wiag 6 13 9.96 .41 7.046 -1..l

S111 1 11 16111 *63 13.11
VwIlI 4 13 10,17 .41 ?.It - 13.27L. VII 17 6 10.43 .41 6.44 I 1.43'

VIKI 16 11 10.564 .35 6.7 - 11.13
S • a ll 13 11 1001I 83 .2k 13*30

V ill 14 6 10.73 .96 $.s7 - 12.01
wVilt i 6 10.30 .35 6.23 - 11.01
weVl 16 0 10.44 .51 6326 - 13.391W VEEK 17 6 10.43 .21 8.23 - 12.63
VIII 23 5 I0.58 .45 6.57 - 42.91
will 19 5 10.76 .49 &.%7 - 12.91
NALK 20 5 10.60 .53 1.23 - 13.17Wilt 21 510.64 .51 8.37 -12.91

S ,WEEK 22 5 10.56 .52 8.23 12.89
WEEK 23 5 10.54 S53 l.17 12.91
W93 24| 16 10.18 .47 8.06 12|.30

• -FINAL 13 10.80 .32 4.49 -13,11
BRAIN 13 62.62 1.16 74.45 - 91.19THYROID 13 107.63 4.18 '7.50 -137.75
MNART 13 59.36 2.97 37.95 - 80.77
LIVER 13 395.13 21.95 236.64 -553.43
SPlEEN 13 31.70 2.71 12.14 - 51.27
ADRENAL 13 16.16 1.20 9.54 - 26.76[IDHIYI 13 i.50 .12 .65 - 2.36
TESTES 13 .96 .0 .36 - 1.53Q PC 60 6.04 '07 5.01 - 7.07
afsi 60 14.45 .13 12.44 - 16.46
N OT 60 41.4s5 .43 34.77 - 46.13
NCV 60 68.52 .2s 64.61 - 72.36

""CH 60 24.03 .16 21.61 - 26.45
CNCU 60 34.75 .33 29.66 - 39.84
WIC 40 12.08 .27 7.86 - 16.29
PHN 43 54.17 1.13 41.64 - 70.70
DAWVO 41 1.31 .21 0.00 4 4.09
IYNPV 61 0 . 27.60 .93 15.17 - 39.90
HMONo 4 5.43 .37 .6- 10.17
ROSIN 41 6.33 .71 0.00 - 17.'1
IAIO 41 0.00 0.00 0.00 - 0.00. ATY? LYNFM 20 1.27 .22 0.00 - 3.21
RITIC 40 .74 .07 0.00 - 1,60""lUCOIs 40 304.51 1.47 12.10 -128.22
suN 60 14.62 .S3 6.36 - 22.19
CRET? G0 .75 '61 .55 - .94
URIC ACID 60 .68 .06 0.00 - 1.5lPA 40 145.34 .35 140.68 -149.60
K 40 4.90 .0s 4.32 - 5.46
C02 40 21.69 .25 16.50 - 24.i6
CL 40 109.61 2.32 10.43 -139.19
CA 60 11.11 .14 1.69 - 13.34
p 60 6170 s.26 675 - 12.19
NA* (41 +Co) 40 11.69 .35 3.20 - 15.98
CNOL 610 57M .0 4.9 -"422.70
ASTRIG 60 1101 2.52 2:16 - 80.36
AaIILI it 1.9 .01 0.00 - .69
$GOT 60 3%.05 10el 16.S6 -h3.33
SOFT 60 3*13 1061 1).2% - 17.01LON 60 62954 4.20 6.OO -127.654n| •KF6 116,10 6.21 10.7S -213644
1900 40 197.19 7.54 102.47 -293.30
FROTEIN 60 S. 73 ,06 4679 - 6.61
ALBUIUN 60 $.10 .08 2.31 - 4,01

+•OLORULIN 40 ,.20 .1, .69 - 3.,3! "A/C RATIO 60 1.910 .1, 0.00 - 3.91
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POOLED STATISTICS FOR SUBACUTE 000 ST9DIES AT SRI*

FINALES

VARIABLE N MEAN It NORMAL RANGE (2 IS.D.) 3
INITIAL 60 1.65 020 5.60 0 11.6t
WEEl I IS 8.46 .37 5.63 - 11.33
WEEK 2 1i 8.44 .34 5.79 - 11.09
WEEl 3 is 1.46 .33 5.89 - 11.03
WEEK it is 61.7 .35 5.96 - 11.33
Willl 13 8653 ,35 6.00 - 11.06

Wil 11 13 5.75 .35 6.09 - 11.06
WEEK 1 13 5.67 .37 6.18 - 11.16
Wall 13 13 3.65 .3s 6.33 - 11.19 U
ViEBB 11 1.71 .31 6.19 - 11.23
alle 150 11 5.73 .39 6.16 - 11.31

WEiK 11 11 6.76 °39 6.19 - 11.34
WEal 17 11 803 .37 6.2s - 10.20
WEEK 13 it 1.42 .30 6.33 - 11.34 1)
WEiK 14 6 6.43 .47 5.40 - 10.72
WEEK 20 6 6.30 .51 5.26 - 10.10
WEll 16 6 1.40 .$6 5.67 - 11.13glll 17 6 8.32 .32 3.76 - 10.l? 7

WEiK 2i 5 6.42 .70 5.30 - 11.20
WEEK 23 5 8.36 .67 5.26 - 11.26 1
WEEK 20 5 6.36 .69 5.29 - 11.43
WEEK 21 s 8.42 .69 5.35 - 11.49
WEEK 22 58.16 .61 S.12 - 11.20 |
WEEK 23 5 8.22 .67 5.23 - 11.21

FINAL 13 6.66 .35 0.3S 11.41
BlAIN 13 60.38 1.29 71.08 - 89.67
THYROID 13 87.01 2.70 67.06 -101.93
HEAR? 13 43.46 1.40 33.36 - 53.56 i.
LIVER 13 32S.00 14.62 216.14 -431.66
SPLEEN 13 33.82 4.75 0.00 - 68.06
ADRENAL 13 1.49 .20 .05 - 2.92
KIDNEY8 13 1.39 .07 .92 - 1.86
?BITES 13 1.03 .07 .55 - 1.50 %
RIC 60 6.33 .08 5.07 - 7.59
WGS 60 15.32 .16 12,77 - 17.67
NCT 60 43.69 .54 35.26 - 52.09
NOV 60 68.76 .21 65.57 - 71.95

NCR 60 24.19 .16 21.72 - 26.66
mCHC 60 35.05 .20 31.96 - 38.14
VIC 60 12.03 .30 7.39 - 16.67

SPRO 41 s8.49 1.18 43.42 - 73.5S

mANDS 41 1.59 S.2 0.50 - 8.64
LYMPH 41 26.70 1.14 12.13 - 41.29
MOIO 41 9.80 1.60 0.00 - 28.73
ROSIN 41 8.25 1.00 0.00 - 20.88
SABO ,41 0.00 0.00 0.00 - 0.00

ATYP LYMPH *0 .94 .24 0.00 - 3.19
URITC 40 .72 .10 0.00 - 1.93
GLUCOSE 60 106.31 1.35 85.38 -127.25
DUN '60 15.26 .55 6.71 - 23.51
CARAT 60 .75 .01 .56 - .94
URIC ACID 60 .67 .06 0.00 - 1.58

NA 40 146.39 .27 143.02 -149.75
K 40 4.74 .0f 4.26 - 5.21

COl 40 22.04 .26 18.78 - 25.30
CI. 40 111.77 .25 108.58 -114.97
CA 60 11.24 .12 9.43 - 13.06
P 60 6.59 .35 1.24 - 11.94
NA-(C1 + 000) 40 12.57 .31 8.71 - 16.44
CNOL 60 153.94 4.26 67.19 -219.99
TRIG 60 43.80 2.42 3.31 - 78.29
SILt 60 .25 .03 0.00 - .67

ICOT 60 33.48 .91 19.41 - 47.55
OGPT 60 30.43 1.24 11.21 - 49.65

LDN 60 53.51 3.79 0.00 -112.16
ALK-P 60 98.36 4.34 31.15 -165.57
IRON 40 116.95 7.81 90.14 -387.77
PROTEIN 00 5.69 .05 4.87 - 0.50
ALBUMIN 60 3.73 .08 2.47 - 4.98
GLOBULIN 40 2.11 .12 .060 - 3.61
A/C RATIO 40 3.11 .16 0.00 - 4.36

Ove the polled Septmber 1976 through Septmber 1978.
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TABLE 3-9

POOLED STATISTICS FOR SUBACUTE RAT STUDIES AT SRI

ft MALES

VARIABLE N MEAN SE NORMAL RANGE 1. 2 S.D.)

INITIAL 70 151.41 1.93 119.19 - 183.64

WEEK I to 200.41 2.67 155.68 - 245.15
WEEK 2 69 252.96 2.47 211.89 - 294.03
WEEK 3 69 291.77 2.69 247.15 - 336.39
WEIK 4 69 324.23 3.12 272.32 - 376.15
WEEK 5 50 348.58 4.01 291.85 - 405.31

, WEEK 6 50 369.46 4.06 312.01 - 426.91
WEEK 7 50 390.32 4.77 322.79 - 457.85
WEEK 8 50 410.44 5.33 335.02 - 485.86
WEEK 9 40 425.95 6.49 343.86 - 508.04
WEEK 10 40 443.02 6.41 361,93 - 524.12
WEIK 11 40 453.20 7.20 362.17 - 544.23
WEEK 12 40 462.97 8.10 360.56 - 565.39
WEEIK 13 40 465.47 9.51 345.24 - 58%.71
WEEK 14 10 487.40 13.51 401.96 - 572.84
WEEK 15 10 498.80 15.21 402.58 - 595.02
WEEK 16 10 502.90 14.'0 412.46 - 593.34
WEEK 17 10 486.20 13.58 400.32 - 572.08

BRAIN 69 2.17 .02 1.79 - 2.%5
HIART 69 1.52 .04 .87 - 2.17

1, KIDNEYS 69 3.31 .07 2.07 - 4.54
LIVER 69 14.17 .38 7.94 - 20.40
SPLEEN 69 .75 .02 .47 - 1.02
TESTES 69 3.35 .08 2.03 - 4.68
RBC 62 7.72 .09 6.33 - 9.12
HGB 62 14.97 .11 13.20 - 16.74
HCT 62 40.67 .37 34.81 - 46.53
MCV 62 53.27 .43 46.53 - 60.02
MNCH 62 19.50 .22 16.09 - 22.92
MCHC 62 36.89 .38 30.92 - 42.87
WBk. 62 8.30 .34 2.89 - 13.70PMN 62 15.84 .70 4.82 - 26.86

BANDS 62 .37 .09 0.00 - 1.83
LYMPH 62 79.16 .77 67.04 - 91.28
MONO 52 3.48 .25 0.00 - 7.08
EOSIN 34 1.35 .10 .16 - 2.55
"BASO 63 0.00 0.00 0.00 - 0.00
ATYP LYMPH 2% 2.04 .33 0.00 - 5.38
RETIC 25 .94 .15 0.00 - 2.44

GLULCOSE 66 152.94 4.35 82.24 - 223.64
BUN 66 18.18 .53 9.64 - 26.72
CRAAT 64 .59 .02 .31 - .87
URIC ACID 61 1.85 .14 0.00 - 4.01

NA 36 143.92 .42 138.85 - 148.98
K 64 6.34 .23 2.65 - 10.03
¢02 36 24.50 .58 17.56 - 31.44
Cl. 36 102.33 .47 96.74 - 107.93
CA 55 9.38 .10 7.97 - 10.79
P 36 6.24 .16 4.27 - 8.20
NA-(Cl + CO) 36 17.08 .74 8.19 - 25.98
(CfOl! 64 45.77 3.06 0.00 - 94.69
TRIG 64 95.91 8.87 0.00 - 337.87
B1Ll 59 .32 *.l4 0.00 - .88
SCOT 66 107.38 4.4% 35.04 - 179.7,
UcPT 66 37.67 1.48 13.54 - bl.79
LDH 61 785.82 65.57 0.00 -e .0 O
ALK-P 57 204.19 11.53 14.98 - 393.41
IRON 36 194.11 7.34 106.14 - 2982.36
PROTFIN 64 6.24 08 5.02 - 7.47
ALBUN1 64 4.40 i12 2.s2 6.4ý'L , ;L tirI N 36 " .p! n o~n - .32

AIC Rro 365. 1.06 0.00 - 1. 5"
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TARL9 B-LU

POOLED STATISTICS FOR SUBACUTE RAT STUDIES AT SRI

FIMALEs

VARIABLE N MEAN BE NORMAL RANGE (. 2 S.D.)

INITIAL 70 151.91 2.13 116.27 - 187.56
WEEK 1 70 175.39 1.32 153.30 - 197.47
WEEK 2 70 196.63 1.30 174.95 - 218.31
WEEK 3 70 210.70 1.46 186.30 - 235.10
WEEK 4 70 222.91 1.60 196.22 - 249.61
W'EK S s0 233.62 2.06 204.49 - 262.75
WEEK 6 50 244.50 2.39 210.64 - 278.36 tI|
WEEK 7 s0 250.90 2.66 213.35 - 288.45

WEEK 8 50 258.92 2.74 220.14 - 297.70
WEEK 9 40 266.02 3.43 2.2.65 - 309.40
WEEK 10 40 273.85 3.85 225.10 - 322.60
WEEK 11 40 277.95 4.04 226.81 - 329.09
WEEK 12 40 282.30 3.60 236.71 - 327.89
WEEK 13 40 281.90 3.66 235.57 - 328.23
WEEK 14 10 274.40 4.39 246.62 - 302.18
WEEK 15 10 278.10 4.31 250.87 - 305.33
WEEK 16 10 279.20 4.41 251.33 - 307.07
WEEK 17 10 270.00 4.40 242.18 - 297.82

BRAIN 70 2.02 .02 1.74 - 2.31
HEART 70 1.02 .02 .61 - 1.43
KIDNEYS 70 1.93 .03 1.42 - 2.44
LIVER 70 8.00 .16 5.26 - 10.73
SPLEEN 70 .56 .01 .36 - .76

RBC 67 7.35 .07 6.20 - 8.50
ROB 67 14.80 .12 12.91 - 16.68
HCT 67 39.42 .42 32.61 - 46.23
mcv 67 54.24 .22 50.60 - 57.88
14CH 68 19.84 .3% 13.99 - 25.68

MCHC 67 37.64 .38 31.42 - 43.87

WBC 67 6.77 .28 2.27 - 11.28
PMN 67 15.75 1 .07 0.00 - 33.28
BANDS 66 .39 .10 0.00 - 9.07
LYMPH 67 79.84 1.08 61.10 - 27.57
MONO 50 3.22 .24 0.00 - 6.68
EOSIN 31 2.00 .i6 0.00 - 4.9?
BASO 70 0.00 0.00 0.00 - 0.00
ATYP IYMPH 30 1.6f0 .21 0.00 - 3.87
RATIC 30 1.04 .15 0.00 - 2.66

GLUCOSE 65 147.15 3.35 93.08 - 201.23
B I N 6S 18.38 .61 8O.60 - 98.17
CHEAT 63 .60 O01 .37 - .82
1 DHIC ACID 59 1F.6 .1? 0.00 - 3 . 78
NA 33 142.03 51 136.17 - 147.89
K 63 6.10 .21 2.72 - 9.480

('233 21.85 .66 14.31 - 29.382
CL 33 103.70 53 97 .60 - 10 .79
CA 53 10.19 .is 8.06) -i23
p 3,t 5.40 .23 2.80 - 01.0)

,NA- (Cl + c01  33 1 .148 .65 8.97 - 24.00 1
CHOL 63 64.19 1.93 33.49 - 94.89
TN.1C 63 57.51 5.82 0.00 - 14k4.90

IHI63 .34 .04 0.00 - .94
SCT6 101.15 6.35 U.00l - 101.S!

(,P T 115 34.88 !.SO 0.00 - 7S.?4

1 A/64 5.•O.01 4 67 0.00 - 3'9.14AL- 453.1 .8 0.0-g03
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TABLE B-11

POOLED STATISTICS FOR SUBACUTE MOUSE STUDIES AT SRI

MALES

Il VARIABLF N MEAN SE NORMAL RANGE (+ 2 S.D.)
INITIAL 60 23.17 .37 17.45 - 28.89WEEK 1 60 24.83 .49 17.29 - 32.38WEEK 2 59 2S.75 .55 17.31 - 34.18WEEK 3 58 26,24 .64 16.56 - 35.93WEEK 4 57 29.07 .52 21.15 - 36.99WEEK 5 47 30.79 .58 22.89 - 38.69WEEK 6 47 31.70 .55 24.19 - 39.22WEEK 7 47 31.98 .63 23.36 - 40.60WEEK 8 4? 34.55 .66 25.52 - 43.58WEEK 9 37 33.97 .68 25.68 - 42.27

WEEK 10 37 34.43 .69 26.05 - 42.82WEEK 11 37 35.41 .67 27.25 43.56WEEK 12 37 36.00 .66 27.93 -44.07WEEK 13 37 36.05 .69 27.66 - 44.45WEEK 14 10 38.20 .99 31.96 44.44WEEK 15 10 39.60 1.02 33.12 - 46.08WEEK 16 10 38.90 .91 33.13 - 44.67WEEK 17 10 38.10 .86 32.65 - 43.55

BRAIN 57 .53 .01 .44 - .62HEART 57 .19 .01 .11 - .27KIDNEYS 57 .55 .01 .33 - .78LIVER 57 1.87 .06 1.00 - 2.74SPLEEN 57 .12 .01 .04 - .23
TESTES 57 .26 .01 .15 - .38
RBC 47 7.77 .18 5.37 - 10.181HGB 47 13.96 .23 10.80 - 17.11HCT 47 39.40 .86 27.66 - 51.14MCV 47 50.96 .45 44.74 - 57.17MCH 47 18.28 .29 14.37 - 22.19MCHC 47 36.09 .62 27.57 - 44.60
WBC 47 6.59 .50 0.00 13.49PMN 45 21.27 1.43 2.06 - 40.48
BANDS 46 .15 .07 0.00 - 1.09
LYMPH 46 73.39 1.66 50.84 - 95.95MONO 46 2.35 .32 0.00 - 6.71EOSIN 46 1.67 .26 0.00 - 5.25BASO 46 0.00 0.00 0.00 - 0.00
ATYP LYMPH 29 1.97 .37 0.00 - 5.98I RETIC 30 1.40 .24 0.00 - 4.01
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TABLE B-12

POOLED STATISTICS FOR SUBACUTE MOUSI STUDIRS AT SRI

FlMAL9S 1!
VARIABLE N :AEAN SE NORMAL RANGE (+ 2 S.D.)

INITIAL 60 22.05 .35 16.66 - 27.44
WEEK 1 60 22,95 .44 16.20 - 29.70
WEEK 2 60 23.38 .47 16.04 - 30.73
WEEK 3 60 23.70 .56 15.01 - 32.39
WEEK 4 59 27.41 .53 17.24 - 33.58
WEEK 5 49 25.90 .56 18.01 - 33.79
WEEK 6 49 26.73 .63 17.94 - 35.53 |
WEEK 7 49 27.92 .55 20.28 - 35.55
WEEK 8 48 28.19 .55 20.52 - 35.86
WEEK 9 38 28.97 .64 21.12 - 36.83rWEEK 10 38 28.66 .62 20,97 - 36.34
WEEK 11 38 29.29 .57 22.25 - 36,32 g
WEEK 12 38 29.11 .77 19.65 - 38.56
WEEK 13 38 30.05 .68 21.62 - 38.49

WEEK 14 9 30.56 1.59 21.01 - 40.10
WEEK 15 9 32.00 1.61 22.36 - 41.64
WEEK 16 9 31.67 1.53 22.50 - 40.83
WEEK 17 9 31.67 1.70 21.47 - 41.86

BRAIN 58 .53 .01 .41 - .65
HEART 58 .16 .01 .07 - .25
KIDNEYS 58 .41 .01 .26 - .57
LIVER 58 1.64 .05 .88 - 2.39
SPLEEN 58 .12 .00 .05 - .19 1
RBC 45 8.24 .20 5.52 - 10.97
HGB 45 14.69 .23 11.59 - 17.79-
HCT 45 41.30 1.03 27.53 - 55.07
MCV 45 49.89 .41 44.44 - 55.34 '-
MCH 45 18.08 .28 14.27 - 21.89
MCHC 45 36.27 .61 28.07 - 44.47
WBC 45 6.41 .43 .70 - 12.11
PMN 45 18.87 1.27 1.89 - 35.84
BANDS 44 .59 .23 0.00 - 3.62
LYMPH 45 76.09 1.39 57.42 - 94.76
MONO 45 1.67 .26 0.00 - 5.13
EOSIN 45 1.89 .36 0.00 - 6.77
BASO 45 .04 .04 0.00 - .64

ATYP LYMPH 28 1.75 .28 0.00 - 4.71RETIC 28 1.36 .20 0.00 - 3.43
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Appendix C

I
The data obtained from the subacute studies with TNT, LAP, and I

LAP(I) (Parts 2, 3, and 4) were analyzed statistically for lini-ar
trends. The linear trend teat is a procedure for establishing the
existence of a linear trend in the mean response among the dose-treated
groups. More precisely, this test seeks to uncover linear trends as
a function of the logarithm oi the dose. To compute this test, a
linear regression of response vzraus log dose is first computed (ex-
cluding the control grnup). This linear regression takes the form

Yij a + b* log di

where

Y = response of J-th animals in the i-th dose group
(e.g., weight, hematology, or clinical chemistry .
measurement)

di dose administered to the i-th group.

An F test is used to test the hypuLlieis thac b - U. Lt the
hypothesis can be rejected (e.g., a linear trend exists) at the 5%
significance level (e.g., with 95% confidence), then a "*" is printed
in the appropriate position on the summary table. If the hypothesis
can be rejected at the 1% significance level (e.g., with 99% confidence),
then a "+" is printed on the appropriate position in the summary table.

The results are summarized in Tables C-1 through c-28. The
parameters analyzed were body weights and weight differences, organ F
weights and weight ratios, and hematological and clinical chemistry

values.
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LINEAR TAIND ANALYSIS OF TNT EFFECTS ON DOG BODY WEIGHT
AND DIFFIRlNCIG IN DOG BODY WEIGHTS

I DEPENDINT TABLE NUMBER

VARIABLE 11 12 15 16 17 18 13 14

V INITIAL

SWEEKi 1

WEEK 2

WEEK 3

WEEK 4

SWEEK 6

I WEEK 6 *

WEEK 7

j[ WEEKS

WEEK 9

F 3r5.WEEK 10-

V WEEil( 1 l
WILKl 112

WEEK 12

WEEK 14
WEEK 15

2I., WZEEK 15 . . .. .--

WEEK 16 7. . .. .

WEEK 17- - - -- -

LINEAR TREND TESTS OF LOG DOSES
I *CONFIDENCE LEVEL - ,99

*CONFIDENCE LEVEL - e95
- VARIABL! NOT INCLUDED IN TABLE
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TAIL& C-1 I
LINEAR ?RIND ANALYSIS Of TOT EFFECTS ON ORGAN VKIGIhS

AND MOS~T RATIOS O 010DOG

DEPENDENT TABI NUNBER

VARIAlLE 21 22 is 24 2? as

FINAL WT(RG)

NZART

KIDNEYS*

LIVER

SPLEEN

GONADS1

ADRENAL*

THYROIDL

BRAWNBODY

NEART/ BODY

KIDNEY/BODY

LIVES/BODY SPLIS/BOD
GONADIBODY

ADRENAL/IODY

THYROID/BODY

HEART/DRAIN 41

SPLEEN/RAIN

GONAD/BRAIN

ADRENAL/BRAIN

THYROID/BRAIN

LINEAR TREND TESTS OF LOG DOSES

*CONFIDENCE LEVEL - .99

*CONFIDENCE LEVIL -4
-VARIABLE NOT INCLUDED IN TABLE
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L

TABLE C-

LINEAR TREND ANALYSIS OF TNT EFFECTS ON HEMATOLOGY Of DOGS

DEPENDENT TABLE NUMBER

i VARIABL3 29 30 31 32 33 34 35 36 37 36 39 40

RCV + * *

MCH

MC C 4 4 4 * +

I' . WBC * *

PMN + •

BANDS + 4 *

LYMPH

MONO +

KOSIN

BASO

LINEAR TREND TESTS Of LOG DOSES
+ CONFIDENCE LEVEL a .99
* CONFIDENCE LEVEL - 995
-VARIABLE NOT INCLUDED IN TABLE
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7A*Lt C-4.

LINIAR Tam ANALY1IS OF yNT ulKCTS ON CLINICAL CRHUNISTRty OF 0006

I~gptog"TTAWL NUMNSA

Al hi M4 2 43 44 1,5 '6 4? '.8 49 $0 51

OLQCOSI
BUN 

4

URIC ACID 

1
NA
K

Col~

CL

PCA

RA .(C L C 0)I

CHOL 
2

licI

%1 014

PRO T E I N 
4 4

ALSMNP

C0%vtN K9 I9U 9

A/O AI %L HO *'L ~ D I A M
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TABI C-13

LINZAD TREND ANALYSIE 0F TNT UIFFCTS ON RAT BODY WViGHTS

[DEPINDINT TAAL& NUBIER

VARIABLE 59 60 63 $4 65 66

INITIAL 4

I WEEKi 2 + +. 4 . 4

WEEK 3. + .+ . + +4

WEEK3 4. + + + +.

WEEK 6

WEEK5 7. 4 4

WEEK7 9. +. *+

WEEK9 13- -

WEEK14514 . - - * 4

WEEK 145

WEEK 16

LINEAR TREND TESTS OF LOG DOSES

F*CONFIDENCE LEVEL w .99
J *CONFIDENCE LEV1L Ia TABL
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TAbLE C-6

LINEAR TREND ANALYSIS Of TNT EFFECTS ON DTFFEIRECES IN RAT BODY VZIUTS

DEPENDENT TABLE NUMNER f
VARIABLE 61 62 67 68 09 70 1<
WEEK I + + +
WEEK 2+ + 4 4

WEEK 3

W3E14 4 *

WEEK 5

WEEK6 * * *

WEEK 7 i

WEEK 8*

WEEK9 -9

WEEK 12 0 -

WEEK 11!

WEXK 12 ,

WEEK 13

WEEK 14 .
WEEK 15 *

WEEK 1 6..

WEEK 17 . . . .

LINEAR TREND TESTS OF LOG DOSES t.
* CONFIDENCE LEVEL a .99
* CONFIDENCE LEVEL a .95

- VARIABLE NOT INCLUDED IN TABLE
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TAILS C-7

LINEAR TREND ANALYSIS O0 TNT IFFICTS ON ORGAN .EItGTS,|• '" A*D WSIGAT' ATIOS OT tA-rS

DEPENDENT TABLE NUMBER

VARIABLE 85 89 87 91 86 90 88 92

1 FINAL WT

z BRAIN *

HEARTO-

S.j

KIDNEYS *

I LIVER

SPLEIN A*

TESTES

BRAIN/BODY AI + +

IIEAfT/ BODY +

SCKIDNIY/BODY + *+9

i LIVER/BODY + + + +

SPLEEN/BODY 4 + 4 TA4

TESTES/BODY +

HEART/BRAIN**

L 1.

KIDNEY/BRAIN*

LIVER/BRAIN*

SPLEEN/DRAIN 4 *

TESTES/BRAIN 4

1LINEAR TREND TESTS OF LOG DOBSS
4CONFIDENCE LEVEL -*.99
*CONFIDENCE LEVEL a .95
-VARIABLE NOT INCLUDED 1I0 TABLE
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TABLE C-S8I

LINEAR TREND ANALYSIS OF TOT EFFECTS ON HEMATOLOGY OF RATS

DEPENDENT TABLE NUMBER

VARIABLE 93 94 97 98 95 96 99 100

RIC

HGB 4. 4

NCT 4 * 4 4 41

MCV + * 4 * 4.

X CII * 4. * 4.

MC* 4 4 4 4 * *

IBC +

PMN * *

BANDS

LYMPH * *

MONO*

R•OSIN

BASO *

I

LINEAR TREND TESTS OF LOG DOSES
+ CONFIDENCE LEVEL - v99
* CONFIDENCE LEVEL - .95
- VARIABLE NOT INCLUDED IN TABLE
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IL TABLE C-9

LINEAR TREND ANALYSIS Of TNT EFFECTS ON CLINICAL CHEMISTRY Of RATS

1 DEPENDENT TABLE NUMNER

VARIANLE 101 102 105 106 103 10* 107 108

GLUCOSE *

r EUN * *

CREAT + 4 4

j URIC ACID

NA * *

K

CO2 *

CL *

[ CA
p *

NA- (CL . CO . *

2
CHOL , , *

TRIG

BILl . . . . *

SCOT

CSPT , , ,

LDH * *

ALK-P +
•"I.IRON * * *

PROTEIN * *

ALBUMIN

GLOBULIN * * * , *

A/G * * *

LINEAR TREND TESTS OF LOG DOSES
CONFIDENCE LEVEL - .99

* CONFIDENCE LEVEL - .95I - VARIABLE NOT INCLUDED IN TABLE
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TABLE C-10

LINEAR TREND ANALYSIS Of TNT EFFECTS ON NICE BODY WEIGHTS

DEPENDENT TABLE NUMBER

VARIABLE 117 118 121 122 123 124

INITIAL I
WEEKi I

WEEK 2

WEEK 3* *

WEEK 4*

WEEK, 5 ,
WEEK 6*

WEEK 7**

WEEK 8* I
WEEK 9- -

WEEK 10 -F

WEEK 11- -*

WEEK 12* - -*

WEEK 13* - -

WEEK 14- - - -*

WEEK 15- - - -*

WEEK 16- - - -

WEEK 17- - - -

ILINEAR TREND TESTS OF LOG DOSES
*CONFIDENCE LEVEL o 99
*CONFIDENCE LEVEL - 95
-VARIABLE N'OT INCLUDED IN TABLE
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TABLE C-1l

L
LINEAR TREND ANALYSIS OF TNT EFFECTS ON DIFFERENCES IN NICE BODY WEIGHTS

I DEPENDENT TABLE NUMBER

VARIABLE 119 120 125 126 127 128

iWEEKi 14 * *
SI WEEK *

WEEK 3 * iI 1 WEEK 2

WEK W * *
WEEK64

EF WEEK 7

WEEKS * *

[ WEEK 9 - -

"r WEEK I 04 * - - 4

1I. WEEK 11 - -

j WEEK12 -1

WEEK 13 - -

WEEK 14

WEEK 15

WEEK 16

.I. WIEK 17

LINEAR TREND TESTS OF LOG DOSES
4 CONFIDENCE LEVEL a .99
* CONFIDENCE LEVEL - .95

[- VARIABLE NOT INCLUDED IN TABLE
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TABLE C-1

LINEAR TREND ANALYSIS OF TNT EFFECTS ON ORGAN WEIGHTS I
AND MEIGIT RATIOS OF NICE

DEPENDENT TABLE NUMBER

VARIABLE 143 147 145 149 144 148 146 150

FINAL UT * 1
BRAIN

HEART

KIDNEYS * * * ÷ *

LIVER * * 4

SPLEEN * *

TESTES *

IRZART/L DY *

KIDNEY/BODY

LIVER/BODY 4+ * [
SPLEEN!BODY *

TESTES/BO'Y 1
HEA.RT/BRAINf

KIDNEY/BRAIN V , *

LIVER/BRAIN * * *

SPLEEN/BR IN * *

TESTES/BRAIN * L

SLIHEAR TREND TESTS OF LOG DOSES
*CONFIDENCL LEVEL - .99
* CONFIDENCE LEVEL - .95
- VARIABLE NOT INCLUDED IN TABLE
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TABLE C-1 3

LINEAR TREND ANALYSIS OF TNT EFFECTS ON HEMATOLOGY OF MICE

"DEPENDENT TABLE NUMBER

VARIABLE 151 152 155 156 153 154 157 158

RBC *

L 1HGB

:'. HCT

MCV

MCHC *

I: WBC *

PMNI.
.. BANDS *

LYMPH * * *

MONO *

I. ROSIN *

BASO

LINEAR TREND TESTS O1 LOG DOSES
CONFIDENCE LEVEL - .99CONFIDENCE LEVEL o95

VARIABLE NOT I&4CLUDED IN TABLE
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TABL C-14r *i LINEAR TREND ANALYSIS Of LAP EFFECTs ON DOG BODY WEICNTI US~AND DIrFRIttCI8 IN DOC BODY VIIChT8

SDEPENDENT TABLI NUMBIR

VARIBLE 67 18 17 172169170 173 174

WEEK 1 * I

WEEK2 * *

WEEK3 4

WEEK 4 * *

WEBIR 5

WEIR 6

WEEK 7

WEIR 8

WEEK 9I

WEEK 10

WEI
WEEK 1 2

WEEK 13 " "

LINEAR TREND TESTS OF LOG DOSES 1
+ CONFIDENCE LEVEL a v99
"* CONFIDENCE LEVEL - .95

- VARIABLE NOT INCLUDED IN TABLE

4
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I TABI C-15

ILINEAR TREND ANALYSIS Of LAP EFFECTS ON ORGAN WERONTI
A'ID WRIOB? RATIO$ Of D003

DEPENDENT TAILS NlUMBER

VARtAlLE 177 173 111 162 179 130

FINAL WT(KO)

I BRAIN
HEART

I ~LIVER

SPLURN1. GONADS
ADRENAL

£ THYROID

BRAIN/BODYI ~HEART/ BODY

KIDN~y;BODT

I ~LIVER/BODY* *

SPLEEN/ 300

F ~GONAD/BODY

ADRENAL/BODY

THYROID/BODY

HIEART/BRAIN

KIDNEY/BRAIN

LIVER/BRAIN *

SPLEEN/BRAIN

I GONAD/BRAIN

ADRENAL/BRAIN *1. ~THYROIDBRAIN

LINEAR TREND TESTS Of LOG DOBSE
+CONFIDENCE LEVEL m .99I * CONFIDENCI LEVEL a 9
-VARIABLE NOT INCLUDED IN TABLE

477
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TABLE C-16

LINEAR TREND ANALYSIS Of LAP EFFECTS ON HEMATOLOGY OF DOGS

DEPENDENT TABLE NUMBER

VARIABLE 183 184 185 186 181 188 189 190

HGB 4 ÷

ICT *

MCV * * *. *

MCH - 4

MCHC * *
I

WBC */ * *

PNN ,4.4

BANDS

LYMPH *

MONO O

KOSIN *

BASO

RETIC *

LINEAR TREND TESTS OF LOG DOSES
+ CONFIDENCE LEVEL - .99
* CONFIDENCE LEVEL - .95
- VARIABLE NOT INCLUDED IN TABLE

47R47I
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TABLE C-17

LINEAR TREND ANALYSIS Of LAP EFFICTS ON CLINICAL CHEMISTRY OF DOGS

DEPENDENT TABLE NUMBER

VARIABLE 193 194 195 196 197 198 199 200

GLUCOSE *

SBUN +•

CREAT * * ,,.

URIC ACID * *

1. 
NA

IC * *

1. COl *

CL

CCA

P

;, NA- (CL C.O)

. CHOL

TRIG * * . * *

[ FBILl

de ~SCOT*

SGPT +

LOH *

ALK-P

IRON 4

PROTEIN * *

AL'UNIN

GLOBULIN *

A/G *

LINEAR TREND TESTS Of LOG DOSES
* CONFIDENCE LEVEL " .99
* CONFIDENCE LEVEL - .95

VARIABLE NOT INCLUDED IN TABLE

1: 479

,II

'L - . ~ 4 ~ . .1 . .. .S



I!

TABLE C-18 I

LINEAR TREND ANALYSIS 0F LAP EFFECTS ON RAT BODY WEIGHTS

AND DIFFERENCES IN BODY WEIGHTS[

DEPENDENT TABLE NUMBER

VARIABLE 209 210 211 212

INITIAL L
W-EK 1 4 4 4

WEEK 2+ 4 4

WEEK 3 +

WEEK 4 + +

WEEK 5 + +

WEEK6 + 6

WEEK7 7* +

WEEK8 a [
WEEK9 9 + 4

WEEK 10 -

WEEK 11 4 4

WEEK12 1 2

WVEE 13 1

LINEAR TREND TESTS Of LOG DOSES E
+ CONFIDENCE LEVEL - .99
* CONFIDENCE LEVEL " *95

- VARIABLE NOT INCLUDED IN TABLE

) 480
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I U .,TABLE C-19

LINEAR TREND ANALYSIS O0 LA? EFFECTS ON ORGAN WEIGHTS
AND WETGHT RATIOS or RATS

DEPENDENT TABLE NUMBER

IIVARIABLE 219 220

I FINAL WT 
A

BRAIN

HEART +

KIDNEYS *

LIVER +

SSPLEEN 4 4
a.

TESTES 4

BRAIN/BODY +

HEART/BODY

KIDNEY/BODY + 4

LIVER/BODY +

SPLEEN/BODY 4 4

1 TESTES/BODY

HEART/BRAIN 4

KIDNEY/BRAIN *

LIVER/BRAIN +

SPLEEN/BRAIN + 4

I TESTES/BRAIN 4

LINEAR TREND TESTS OF LOG DOSES
CONFIDENCE LEVEL - 99

l * CONFIDENCE LEVEL - ,95
-VARIABILE NOT INCLUDED IN TABLE

k[ 481



TABLE C-20 I

LINEAR TREND ANALYSIS OF LAP EFFECTS ON
HEMATOLOGY Of RATS [P

DEPENDENT TABLE NUMBER Ii
VARIABLE 221 222

RICA
UCT 4 +

SMCV 4 4÷

MC *I

MCHC

PMNl

BANDS

LYMPH

MONO

ZOSIN

BASO

LINEAR TREND TESTS Of LOG DOSES
* CONVIDENCI LEVIL - .99

* CONFIDENCE LEVEL .995
" VARIABLE NOT INCLUDED IN TABLE

482
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STABLE C-21

LINEAR TREND ANALYSIS OF LAP EFFECTS ON
CLINICAL CHEMISTRY Of RATS

DEPENDENT TAILE WUNDER

VARIABLE 223 224

GLUCOSE 4

BUN 4

C3EAT *

.•URIC ACID

"NA

C0 2

F[ CL

CA * *

S [ NA- (CL. CO)

CIIOL
STRIG *

IBILl 4.

SCOT 4

SGPT

LDH

ALK-P *

IRON

PROTEIN

I, ALBUMIN
CLOPULI N *

V $ j A/C *

LINE.A9 TREtND T, TS OFLOG DOSES
4 C~hFID3,EN' LEVEL - .9"c* 1ONDENC. LVEL " 5

4' • VARIABLE NOT INCLUDED I1 rABLE

#FILb (dilLTER)T72
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TABLE C-22

LINEAR TREND ANALYSIS OF LAP EFFECTS ON NICE BODY WEIGHTS
AND DIFIERENCES IN BODY WEIGHTS

DEPENDENT TABLE NUMBER

VARIABLE 227 228 229 230

INITIAL +

WEEK I + + + +

WEEK 2 + + + +

WEEK 3 + +

WEEK 4 + +

WEEK 5 4+

WEEK 6 +4

WEEK7 7*

WEEK8 4 *

WEEK 9 +* +

WEEK 10 +

WEEK 11 + I
WEEK 12 + +

WEEK 13 + *

LINEAR TREND TESTS Of LOG DOSES I
"" CONFIDENCE LEVEL a o99

• CONFIDENCE LEVEL a .95

- VARIABLE NOT INCLUDED IN TABLE

I. ~484I4 .
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L TABLE C-23

Li LINEAR TREND ANALYSIS OF LAP EFFECTS ON ORGAN WEIGHTS
AND WEIGHT RATIOS OF MICE

DEPENDENT TABLE NUMBER

VARIABLE 255 256

FINAL UT + *

SBRAIN 
+ +

HEART +

1. KIDNEYS +

LIVER

L SPLEEN

TESTES

BRAIN/BODY

S [ HEART/BODY

KIDNEY/BODY +I
SLIVER/BODY +

SPLEEN/BODY +

1TESTES/BODY+

HEART/BRAIN +

KIDNEY/BRAIN + +

I LIVER/BRAIN +

SPLEEN/BRAIN

TESTES/BRAIN *

LINEAR TREND TESTS OF LOG DOSES
CON;IDENCE LEVEL - .99
CONFIDENCE LEVEL - .95

- VARIABLE NOT INCLUDED IN TABLE
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TABLE C-24IJ
LINEAR TREND ANALYSIS OF LAP EFFECTS

ON HEMATOLOGY OF MICE

r..

DEPENDENT TABLE NUMBER

VARIABLE 239 240

RIC 4 +

HGB *

HCT +
XCV *

MC,

MCHC *

WBC 4 *

BANDS +1

LYMPH

MONO .

ROSIN 1

BASO

ATYP LYMPH I

RITIC

LI

LINEAR TREND TESTS OF LOG DOBBS

+ CONFIDENCE LEVEL - .99 9 2
* CONFIDENCE LEVEL - .95
- VARIABLE NOT INCLUDED IN TABLE

#FILE (WALTER)T64
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TABLE C-25

LINEAR TREND ANALYSIS OF LAP(I) EFFECTS
ON RAT BODY WUIGHTS AND WEIGHT DIFFERENCES

IDEPNDENT TABLE NUIBIR

VARIABLE 245 246 247 248

INITIAL

WEEKI I +

WEEK 2 + +

WEEK 3 +

WEEK4 4

LINEAR TREND TESTS OF LOG DOSES
+ CONFIDENCE LEVEL " .99
* CONFIDENCE LEVEL e ,95

- VARIABLE NOT INCLUDED IN TABLE

4 1.; •1 I "487
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TABLE C-26

LINEAR TREND ANALYSIS OF LAP(l) ERFPCTS ON
ORGAN WEIGITS AND WEIGHT RATIOS OF RATS

DEPENDENT TABLE NUMBER

VARIABLE 255 256

FINAL WT L
BRAINL

HEART

LIVER

SPLEEN

KIDNEYS I.
TESTES

BRAIN/BODY 4

HEART/BODY

LIVER/BODY * * I
KIDNEY/BODY +

TESTES/BODY

HEART/BRAIN

LIVER/BRAIN

SPLEEN/BRAIN

KIDNEY/BRAIN

TESTES/BRAIN i

LINEAR TREND TESTS OF LOG DOSES
+ CONFIDENCE LEVEL - ,99
* CONFIDENCE LEVEL - 995
- VARIABLE NOT INCLUDED IN TABLE

488



TABLE C-27

LINEAR TREND ANALYSIS Of LAP(I) EFFECTS
ON HEMATOLOGY Of RATS

DEPENDENT TABLE NUMBER

VARTABL& 257 258

iBC

HGB

L RUCT*
MCV +

[ MCH

MCHC
WBC

++ • PHN*

BANDS

j LYMPH *

ATYP LYMP 4

i.2 MONO

DASO

I RETIC

'LINIAR TREND TESTS OF LOG DOSES
CONFIDENCI LEVEL - .99
"CONFIDENCE LEVEL - .95

1.• - VARIABLE NOT INCLUDED IN TABL!

• ' "489



TAILI C-28

LINIAI ?lNID ANALYSIS Of LAP(I) EFFICTS
ON CLINICAL CEIMISTRY Of LATS

DEPlNDINT TABLE NUMBIR

VARIABLE 259 260

ALBUMIN

ALK-P

SUN

CA

CHOL

CREAT

GLUC

p

LDH

TRIG

URIC ACID

PROTEIN

SGPT *

SGOT

BILl

LINEAR TREND TESrS OF LOG DOSES
* CONFPIDENCE LEVEL a 99
* CONFIDENCE LEVEL a *95
- VARIABLE NOT INCLUDED IN TABLE

, 1 +490
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